Size matters : quantitative analysis of the relationship between cortical bone thickness and body size in Australian faunas and the application of body size classes to Australian zooarchaeological assemblage by Towers, Jordan
0 | P a g e  
 
 
 
 
 
 
 
 
 
  
[SIZE MATTERS] 
Quantitative analysis of the relationship between cortical bone 
thickness and body size in Australian faunas and the application 
of body size classes to Australian zooarchaeological assemblages 
This thesis was submitted to the University Of Queensland School Of Social Science on 
the 26th of October 2012 in partial fulfilment of the requirements for Bachelor of Arts 
Archaeology Honours 
 
JORDAN TOWERS 
Supervised by Dr Jessica Thompson 
Title Image: Unidentifiable Fragments from Bushrangers Cave H92, excavation unit 11, photographed by Jordan Towers 
10mm 
1 | P a g e  
 
Declaration of Authenticity 
 
 
 
Students Acknowledgement of Originality  
 
I, Jordan Towers, hereby declare that the contents of this thesis are the result of my own 
independent research, except where otherwise acknowledged by References cited. This 
material has not been submitted either in whole or in part, for a degree at this or any other 
university. 
 
 
Signature: __________________________________________________ 
 
 
 
Supervisor's Certificate of Approval  
I, Jessica Thompson, hereby certify that I have read the final draft of this thesis and it is 
ready for submission in accordance with the thesis requirements as set out in the School of 
Social Science policy documents. 
 
 
Signature: __________________________________________________ 
 
 
2 | P a g e  
 
Table of Contents 
ABSTRACT ................................................................................................................................................. 6 
ACKNOWLEDGEMENTS ......................................................................................................................... 7 
LIST OF TABLES ....................................................................................................................................... 8 
LIST OF FIGURES .................................................................................................................................. 10 
CHAPTER 1: INTRODUCTION ........................................................................................................... 13 
1.0 INTRODUCTION ........................................................................................................................................ 13 
1.2 RESEARCH CONTEXT AND RATIONALE ................................................................................................. 14 
1.2.1 The Birth of Body Size Classes ......................................................................................................... 15 
1.2.2 Body Size Methodologies in the Land Down Under ................................................................ 17 
1.3 RESEARCH DESIGN AND OBJECTIVES .................................................................................................... 20 
1.4 THESIS OUTLINE...................................................................................................................................... 22 
CHAPTER 2: REVIEW OF LITERATURE ......................................................................................... 23 
2.1 INTRODUCTION ........................................................................................................................................ 23 
2.2 FAUNAL BONE FRAGMENTATION, MARROW EXTRACTION AND TRADITIONAL 
ZOOARCHAEOLOGICAL METHODS ....................................................................................................................... 24 
2.3 BODY SIZE AND BEHAVIOUR IN ARCHAEOLOGICAL RESEARCH .......................................................... 26 
2.4 ARCHAEOLOGY OR METHODOLOGY: KLASIES RIVER MOUTH CASE STUDY OF THE IMPACT OF SUB-
SAMPLING ON INTERPRETATION ......................................................................................................................... 29 
2.4 OUT OF AFRICA: BONES, BODY SIZE AND BEHAVIOUR IN AUSTRALIA .............................................. 34 
2.5 ONE RELATIONSHIP, MANY VARIABLES ............................................................................................... 40 
2.5.1 Ontogeny ................................................................................................................................................... 42 
2.5.2 Body Mass and Allometry .................................................................................................................. 42 
2.5.3 Skeletal Morphology, Locomotion and Bone Loading........................................................... 43 
2.5.4 Sexual Dimorphism .............................................................................................................................. 44 
2.5.5 Nutrition, Health and Disease.......................................................................................................... 45 
2.5.6 Provenience ............................................................................................................................................. 45 
3 | P a g e  
 
2.6 SUMMARY ................................................................................................................................................. 46 
CHAPTER 3: METHODOLOGY ........................................................................................................... 47 
3.1 INTRODUCTION ........................................................................................................................................ 47 
3.2 THEORY AND METHOD ........................................................................................................................... 47 
3.3 THE MODERN AUSTRALIAN MAMMALIAN REFERENCE COLLECTION ............................................... 50 
3.3.1 Access to Australian Mammal Reference Collection .............................................................. 51 
3.3.2 Processing and Recovery of Faunal Remains ............................................................................ 52 
3.2.3 Measurement of Cortical Bone Thickness for Skeletal Reference Collection............... 53 
3.2.4 Access to Australian Mammalian CAT scan Dataset ............................................................. 54 
3.2.5 Measurement of Cortical Bone Thickness for CAT scan Dataset ...................................... 55 
3.4 THE BUSHRANGERS CAVE ZOOARCHAEOLOGICAL ASSEMBLAGE ....................................................... 56 
3.5 STATISTICAL ANALYSES .......................................................................................................................... 60 
3.6 SUMMARY ................................................................................................................................................. 63 
CHAPTER 4: RESULTS AND ANALYSIS .......................................................................................... 64 
4.1 INTRODUCTION ........................................................................................................................................ 64 
4.2 ANALYSIS OF THE MODERN FAUNAL REFERENCE COLLECTION AND CAT SCAN DATASETS .......... 65 
4.2.1 Skeletal Element Potion ..................................................................................................................... 67 
4.2.2 Element Location: Forelimb vs. Hindlimb .................................................................................. 70 
4.2.3 Skeletal Elements .................................................................................................................................. 72 
Forelimb Skeletal Elements ............................................................................................................................ 72 
Hindlimb Skeletal Elements ........................................................................................................................... 74 
4.2.4 Locomotive Mechanism ...................................................................................................................... 76 
Biped Data Group ............................................................................................................................................... 76 
Quadruped Data Group .................................................................................................................................... 77 
Biped vs. Quadruped Data Group ................................................................................................................. 79 
4.2.5 Body Size ................................................................................................................................................... 80 
Complete Reference Collection ...................................................................................................................... 81 
Forelimb Skeletal Elements ............................................................................................................................ 83 
Hindlimb Skeletal Elements ........................................................................................................................... 84 
Locomotive Method: Biped Forelimb and Hindlimb ............................................................................ 86 
4 | P a g e  
 
Locomotive Method: Quadruped Forelimb and Hindlimb ................................................................. 87 
4.2.6 SUMMARY ................................................................................................................................................. 89 
4.3 INTRA-SPECIES ANALYSIS: PHASCOLARCTOS CINEREUS (KOALA) CASE STUDY ............................... 90 
4.3.1 Ontogeny ................................................................................................................................................... 90 
4.3.2 Sexual Dimorphism .............................................................................................................................. 92 
4.3.3 Health, Disease, and Nutrition ........................................................................................................ 94 
4.3.4 Provenience ............................................................................................................................................. 98 
4.3.5 Intra-Species Analysis Summary ................................................................................................. 101 
4.4 BODY SIZE CLASSES FOR AUSTRALIAN FAUNA ................................................................................. 102 
4.5 BUSHRANGERS CAVE ANALYSIS .......................................................................................................... 106 
5.0 DISCUSSION AND CONCLUSION .............................................................................................. 114 
5.1 INTRODUCTION ..................................................................................................................................... 114 
5.2  DISCUSSION .......................................................................................................................................... 114 
5.2.1 Cortical Bone Thickness Measurements should be taken from Distance Intervals 2 
and 3, or from within the Proximal-Midshaft to Midshaft-Distal Measurement Sites ....... 115 
5.2.2 There is a Significant Differentiation between Forelimb and Hindlimb Skeletal 
Elements .............................................................................................................................................................. 116 
5.2.3 There is Significant Difference in Cortical Bone Thickness between the Humerus 
Compared to both the Radius and Ulna ................................................................................................. 117 
5.2.4 There is no Significant Differences between Cortical Bone Thickness between the 
Femur and Tibia ............................................................................................................................................... 118 
5.2.5 There is a Significant Difference in Cortical Bone Thickness between Different 
Locomotive Groups .......................................................................................................................................... 118 
5.2.6 There is a Significant and Positively Correlated Relationship between Cortical Bone 
Thickness of the Long Bones and Live Body Weight across Australian Faunal Species .... 119 
5.2.7 Sex, Age, Disease, Life History and Provenience Do Matter ............................................. 120 
5.3 BUSHRANGERS CAVE ............................................................................................................................ 121 
5.4 DIRECTIONS FOR FUTURE RESEARCH ................................................................................................ 125 
REFERENCES CITED ........................................................................................................................... 126 
 
5 | P a g e  
 
APPENDICES ........................................................................................................................................ 156 
Appendix 1: DERM Approval for the Collection of Skeletal Remains: ....................................... 156 
Appendix 2: EPA New South Wales Scientific Research Permit ................................................... 157 
Appendix 3: ANFRA Ethics Approval ....................................................................................................... 163 
Appendix 4: Permission from Household Owner ................................................................................ 165 
 ................................................................................................................................................................................. 165 
Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr Kristian Carlson
 ................................................................................................................................................................................. 166 
Appendix 6: Cortical Bone Thickness Data Sheets ............................................................................. 172 
Appendix 7: List of Terrestrial Faunas Native to the Moreton Region ..................................... 186 
Appendix 8: Skeletal Element Portion Analysis Summary ............................................................. 188 
Appendix 9: Skeletal Element Type Analysis Summary ................................................................... 189 
Appendix 10: Forelimb and Hindlimb Element Type Analysis Summary ................................ 190 
Appendix 11: Locomotive Mechanism Analysis Summary ............................................................. 192 
Appendix 12: Body Size Analysis Summary .......................................................................................... 194 
Appendix 13: Intra-species Analysis Summary ................................................................................... 197 
Appendix 14: Body Size Classes Analysis Summary .......................................................................... 200 
Appendix 15: Bushrangers Cave Analysis Summary ......................................................................... 201 
 
 
 
 
 
 
 
 
 
6 | P a g e  
 
Abstract 
 
Where fragmentation limits the ability to identify zooarchaeological assemblages, body size 
classes are used to extract additional data concerning the distribution and frequency of 
different sized faunas from otherwise taxonomically unidentifiable fragments. These data 
are crucial to understanding relationships between humans and animals – particularly 
because body size is a factor which often influences how humans interact with different 
animals in their environments. The use of body size classes has been based on the 
assumption of a relationship between cortical bone thickness and live body weight that can 
be visually assessed during zooarchaeological analysis. This thesis quantitatively evaluates 
the use of cortical bone thickness as an indicator for body size for the analysis of 
fragmentary faunal remains in an Australian context. There is a significant positive 
relationship between cortical bone thickness and live body weight in Australian faunas. 
However, numerous variables impact the feasible application of a set of quantified body 
size classes on fragmented zooarchaeological assemblages. The study explores these 
variables and develops a set of recommendations for the assignment of body size classes to 
mammals in Australian zooarchaeological assemblages. These recommendations are then 
applied to a sample of fauna from Bushranger’s Cave, Queensland, and compared to the 
results that would have been obtained using a more traditional, non-quantitative approach.   
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Chapter 1: Introduction 
 
1.0 Introduction 
Animal bones that enter archaeological deposits as a result of human food 
procurement activities are subjected to a high degree of processing and utilisation (Fagan 
2007). The actions of humans in conjunction with other destructive post-depositional 
taphonomic processes frequently result in the almost ubiquitous presence of unidentifiable 
long bone shaft fragments in zooarchaeological assemblages. The absence of diagnostic 
features from such fragments diminishes the ability of researchers to obtain taxonomic 
information, particularly in those regions where several morphologically similar faunal 
species coexist (Brain 1981; Gobalet 2001; O’Connor 2000). As a result, these bone 
fragments are often designated to unidentifiable specimen categories and receive minimal 
investigative attention during analysis (Brain 1981; Peres 2010; Outram 2001; Todd and 
Rapson 1988). The abundance of fragmentary remains posed a specific methodological 
problem for zooarchaeologists: With fragmentary, unidentifiable remains constituting such 
a large part of many zooarchaeological assemblages, to what extent is the exclusion of 
fragmentary remains from analysis effecting the interpretations of the past? And where 
fragmentary remains are analysed, to what extent are the methods used to analyse them 
able to produce reliable results?  
Categorising fragments by general body size classes is a useful analytical tool for 
understanding the distributions of different sized animal species within highly fragmented 
assemblages (Brain 1981). The concentrations of different sized animal species can then be 
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used to infer hunting and butchering strategies as well as subsistence patterns though time. 
However, the use of qualitative methodologies in the designation of fragments to size 
classes invites a level of bias which may result in a disparity, not only between the actual 
presence and analysed representation of different sized animals within an assemblage, but 
also between different researchers. This thesis will examine the relationship between body 
size and cortical bone thickness in Australian mammals and propose a quantitative 
methodological procedure for the analysis of fragmented long bone shafts based on cortical 
bone thickness. This study will thus enable body size to be reliably estimated for highly 
fragmented long bones, thus allowing even very fragmented assemblages to still contribute 
valuable and replicable data that are informative about the past. 
 
1.2 Research Context and Rationale 
Faunal assemblages recovered from archaeological contexts are an incomplete 
representation of a faunal population, which have been selectively processed and modified 
through human actions (Peres 2010). As such, the analysis of archaeofaunal material does 
provide evidence of anthropological phenomena which further enrich our understandings 
and reconstructions of the past. However, these reconstructions are hindered by the 
considerable abundance of unidentifiable fragments recovered from the archaeological 
record (O’Connor 2000; Peres 2010).  Prior to the advent of taphonomic research, 
zooarchaeologists were primarily concerned with the generation of taxonomic abundances 
(O’Connor 2000; Peres 2010). This focus ultimately influenced research methodologies, 
promoting the examination of only those specimens which could be identified to a 
taxonomic species, genus or family and skeletal element. In the case of long bones, 
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diagnostic features utilised to distinguish taxa are found predominantly on the proximal 
and distal bone ends (O’Connor 2000). Midshaft fragments which could not be 
taxonomically identified were either ignored during analysis or discarded on the basis of 
containing little analytical utility, despite their relative abundance in archaeofaunal 
assemblages (Klein 1976). 
The practice of discarding fragments was criticised by later researchers (Bartram 
and Marean 1999) who argued that all faunal remains, both identifiable and unidentifiable, 
were evidence of the past interactions between humans and animals (O’Connor 2000). The 
ability to determine body size from fragmented remains became an important feature of 
zooarchaeological analysis, as an increasing number of researchers suggested that body 
size was a determining factor for not only what types of animals were hunted by humans in 
the past, but also how heavily animals of different sizes were exploited. These arguments 
were nurtured by ethnographic observations of contemporary hunter-gatherers who 
documented distinct prey acquisition strategies for different sized prey (Lupo 2001; 
Marlowe 2010; O’Connell et al. 1988; O’Connell 1989; O’Connell et al. 1990). As a result, 
zooarchaeological research intensified resulting in the development of methodological 
protocols for the analysis of fragmented faunal remains (Brain 1981). 
1.2.1 The Birth of Body Size Classes 
Charles K. Brain (1981) developed the first standardised analytical method for the 
analysis of fragmented faunal remains during his taphonomic research on the Sterkfontain 
Valley caves in South Africa. Brain (1981) noted that the study of faunal remains from 
Sterkfontain was hindered by a pattern of extreme fragmentation resulting in an abundance 
of shaft fragments. This problem was only exacerbated by the broad size ranges of 
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morphologically similar African bovid species present within the Sterkfontain assemblages 
(Brain 1981).  However, the basic laws of allometry contend that the size of an organism is 
relative, and related to the size of its parts (Lyman 1994; Currey and Alexander 1985; Reitz 
et al 1987; Reitz and Wing 2008). Following this principle, it has been postulated that the 
live body weight of an animal species is inextricably linked to the cortical thickness of the 
long bones of said animal species (Brain 1974; 1981; Lyman 1994). Brain (1981:9) followed 
this principle and developed four “arbitrary and partly overlapping size classes” for African 
bovids based on cortical bone thickness (Table 1). 
Table 1: Brain’s (1981) Antelope Body Size Classes 
Size Classes Live Weight Limits 
Antelope Class I 0 – 23 Kg Upper limit represented by large female common duiker 
Antelope Class II 23 – 84 Kg Upper limit represented by large male blesbok 
Antelope Class III 84 – 296 Kg Upper limited represented by large wildebeest or roan antelope 
Antelope Class IV >296 Kg Includes larger animals such as buffalo or eland.  
 
Following Brain’s (1981) method, researchers qualitatively analysed unidentifiable 
shaft fragments, before assigning them to a body size class based on the thickness of the 
cortical bone of each respective fragment. The results of this analysis revolutionised 
zooarchaeological research, providing researchers with a greater understanding of the 
distribution of the different sized faunas throughout a cultural sequence, and thus a greater 
understanding of the relationships and interactions between humans and animals in the 
past (Brain 1981). Body size classes have been heavily utilised in the analysis of African 
archaeological assemblages, and more specifically for examining changes in prey size 
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exploitation from the Middle Stone Age (MSA) to the Later Stone Age (LSA) as a proxy for 
tracing the behavioural change during these periods  (Assefa 2005; Bartram and Marean 
1999; Blumenschine 1989; Blumenschine and Cavallo 1992; Cain 2006; Cregg Madrigal and 
Blumenschine 2000; Bunn and Kroll 1986; Faith 2008; Klein 1976; 1978a; 1978b; 1981; 
1984; Klein and Cruz Uribe 1991; Klein et al. 1999; Lupo 1994; 2006; Marean et al. 2000; 
Pickering et al. 2002; Pickering et al. 2006; Thompson and Henshilwood 2011).  While 
similar size class methodologies have been utilised for the analysis of archaeological 
assemblages throughout the Eurasian continent (Abe 2005; Andrews 1990; Bar-Oz and 
Munro 2007; Palmqvist and Arribas 2001; Rodriguez et al. 2004), body size class analyses 
of Australian archaeofaunas have not been extensively developed.   
1.2.2 Body Size Methodologies in the Land Down Under 
The ability to successfully exploit native faunal species would have played a key role 
in the successful colonisation and dispersal of human groups throughout the Australian 
continent (Bourke et al. 2007; Hiscock 2008; Mulvaney and Kamminga 1999). As such, 
faunal analysis plays an important role in Australian archaeological research, as animal 
remains provide direct evidence of the relationships and interactions between human 
groups and their surrounding environments (Bourke et al. 2007; Hiscock 2008; Mulvaney 
and Kamminga 1999). However, Australian archaeological assemblages, much like their 
African counterparts, are usually fragmented to such a degree that in some instances 
taxonomic identification is no longer possible. In such circumstances, previous researchers 
have put forward interpretations based solely on identifiable taxa (Kearney 1998; Mowat 
1989), but it is unclear whether or not these interpretations are valid given the large 
percentage of faunal materials left unscrutinised. The analysis of the distribution of 
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different-sized prey at each site will provide researchers with a better understanding of the 
different human behaviours present at each site as well as changes in those behaviours in 
response to external palaeoclimatic or anthropogenic factors through time. The use of body 
size classes for the analysis of fragmented Australian archaeofaunas will thus provide 
additional evidence with which researchers can support and justify interpretations based 
on identifiable taxa. 
While a formal body size class system for Australian fauna has not yet been 
developed, unidentifiable fragments have been sorted interchangeably into small, medium 
and large size classes at the class, family and genus levels (Archer and Brayshaw 1978; 
Beaton 1991a; 1991b; Cogrove 1995; 1999; Cosgrove et al. 1990; Garvey 2011; Gould 1996; 
Hall 1986; Kearney 1988; Morwood 1986; 1990; Mowat 1989; Walshe 2000). 
Unfortunately, the lack of consistency in the application of body size classes and the extent 
of regional variability in their application does limit the effectiveness of the approach and 
the ability to compare and replicate data for future research. Additionally, the designation 
of fragmented remains to body size classes has been a purely qualitative assessment, one 
which is impacted by the level of experience of each individual researcher. While these 
issues are affecting the analysis of fragmented assemblages in Australia, the issues 
themselves are symptomatic of a more fundamental problem within the current body size 
class methodologies from across the globe. 
Despite the wide application of the body size class methodologies as an analytical 
tool, there has been relatively little scrutiny as to the efficacy of cortical bone thickness as 
an indicator of body size. While the assumption of a relationship between body mass and 
cortical thickness is a logical one, the extent to which it can be reliably applied to a faunal 
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assemblage has not been tested. That body mass influences the thickness of cortical bones 
in such a manner that cortical bone thickness can be used to determine the size of the 
animal from which it came, is an entirely theoretical argument, based only on qualitatively 
observed trends in African bovid species (Brain 1981).  However, there are a number of 
variables which may result in inconsistencies of cortical thickness in some individuals, and 
within certain species which must be considered (Table 2). 
Table 2: A Summary of Variables which may Influence Cortical Bone Thickness 
Cortical Bone Thickness 
Variables 
Literature 
Body Size Croker et al. 2009; Currey and Alexander 1985 
Morphology O’Connor 2000; Reitz and Wing 2008 
Age Croker et al. 2009; Lyman 1994; O’Connor 2000 
Sex Croker et al. 2009; Lyman 1994; O’Connor 2000 
Locomotive Method Carrier 1996; Croker et al. 2009; Hume et al. 1989 
Health and Nutrition 
 
Carciofi and Saad 2008; Horton and Samuel 1978; Ladds 
2009 
Provenience Croker et al. 2009; Ladds 2009 
 
Size classes must be based on quantified data if not only to reduce the level of false 
patterning in data that may occur as a product of individual experience, research design and 
methodology, thus producing more accurate interpretations of the past. The inherent biases 
within current body size class methodologies ultimately obscure our understandings of 
prey size distribution within archaeological assemblages and thus our understandings of 
past human behaviour. This thesis will formally examine and quantify the relationship 
between body mass and cortical bone thickness for a subset of native Australian terrestrial 
fauna in order to establish if cortical bone thickness can be used as a reliable indicator of 
live body mass. In doing so, this research will provide cortical bone thickness ranges and a 
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statistical assessment of how much they overlap between elements and taxa, to facilitate 
the development of a body size class system for Australian faunal assemblages. This will 
increase the reliability, replicability and comparability of data between researchers, so that 
animal exploitation at different sites can be more readily compared and understood. 
Furthermore, the quantification of this relationship will not only standardise an existing 
analytical method, but also determine the limits to which the approach can be feasibly used 
for the analysis of unidentifiable fragmented faunal remains.    
 
1.3 Research Design and Objectives 
The primary objective of this thesis is to determine if body size data can be assigned to 
long bone shaft fragments in an accurate and replicative way by measuring bone cortical 
thickness (Figure 1).To achieve this goal, this thesis will aim to complete three main 
research objectives: 
 
I. Firstly, this thesis will examine the relationship between live body weight and 
measured cortical bone thickness based on a modern reference collection of 
Australian mammals. By quantifying this relationship, the range of variability found 
in cortical thickness and the degree of overlap between animals of different live 
weights and different elements can be established.  
II. The second aim of this investigation is to propose a body size class system for 
Australian fauna based on data collected from the reference collection.  
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III. Finally, this thesis will re-examine fragmented faunal remains from Bushrangers 
Cave, Southeast Queensland (Hall 1986; Hiscock and Hall 1988; Kearney 1998; 
Mowat 1989), using the quantitative methodological approach advocated by this 
thesis. The results of this approach will be compared to the traditional qualitative 
method utilised in the original investigations.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A Diagram of the Structure of a Typical Mammalian Femur, Illustrated by Author 
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1.4 Thesis Outline 
Chapter Two follows this introduction with a review of the analytical approaches to 
fragmented faunal remains and the use of body size classes, from their origins in African 
taphonomic research to the more recent adaptations in Australian zooarchaeological 
literature. The biology of bone and the ontogenetic factors which could be influencing 
cortical bone thickness in Australian mammalian species will also be briefly outlined in this 
chapter. The theoretical grounding in which this thesis is situated will be explored in 
Chapter Three, along with a review of the methods employed to meet the primary aim of 
this research thesis. Chapter Four will detail the results of the measurements of the 
Australian reference collection, as well as the blind testing results and the results of the 
measurements on the archaeological specimens from Bushrangers Cave. A critical analysis 
and discussion of these results follow in Chapter Five. This chapter will consolidate the 
major arguments outlined in this thesis to evaluate the efficacy of body size classes, and the 
implications for their use in previous, current and future zooarchaeological research. 
Chapter Six will conclude this thesis with a summary of the research findings and proposed 
recommendations for future directions in research. 
 
 
 
 
 
23 | P a g e  
 
Chapter 2: Review of Literature 
 
2.1 Introduction 
As an anthropocentric field of inquiry, it is important for archaeological researchers 
to recognise that the human cultures we study do not occur within a vacuum.  
It matters that the archaeology of people and other animals is investigated fully 
and rigorously, because no human group has ever lived independently of other 
vertebrate species. We utilise them and are utilised by them, and we socially 
incorporate them, whether directly as pets and companions or iconically as 
heraldic lions or dreamtime snakes.  
       (O’Connor 2000: 174) 
The analysis of faunal remains from archaeological contexts  provides insight into 
past diet and nutrition (Isaac 1971; O’Dea et 1991), subsistence patterns (Hawkes and 
O’Connell 1992; O’Connor 2000; Peres 2010), hunting and butchery techniques (Binford 
1978; Brain 1981; Dewar et al 2006; O’Connell and Hawkes 1988; O’Connell and Marshall 
1989), seasonality (O’Connor 2000; Pike-Tay and Cosgrove 2002), social structure and 
rituals (deFrance 2009; Dewar et al 2006; Hayden 2009; Smith 2001), trade relations 
(Crabtree 1990; O’Connor 2000) and the origins of domestication (Davis 2005; Diamond 
2002; Landon 2009). Zooarchaeology thus forms an essential component of the holistic 
study of past human peoples and culture (Reitz and Wing 2008; O’Connor 2000). The study 
of animal bone is hindered by the heavy fragmentation associated with destructive nutritive 
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and non-nutritive processes (Marean et al. 2000).  The challenge for zooarchaeological 
researchers is to establish analytical methodologies which will maximise the amount of 
information attainable from large quantities of fragmented bone. More specifically, 
researchers need to employ analytical methods which are easy to implement and produce 
replicable and comparable data which can be used to extrapolate information about the 
relationships between humans and their environments in the past. 
 
2.2 Faunal Bone Fragmentation, Marrow Extraction and Traditional 
Zooarchaeological Methods 
Beisaw (1998:1) notes that “as a food source, animals are acquired, prepared for 
consumption, and subsequently consumed”. Bartram and Marean (1999:20) argue further 
that “whether consumed by carnivores or people, bones follow a trajectory of 
fragmentation and nutritional depletion” often as a result of the “almost universal tendency 
for people to deflesh long bones, crack them, and extract and consume the marrow they 
contain…” (Bartram and Marean 1999:20; See also – Bartram et al. 1991; Blumenschine 
1995; Bunn 1981; 1983; Outram 2001; Outram et al 2005). Bone marrow was a particularly 
important commodity in hunter-gatherer societies, such as the inhabitants of prehistoric 
Australia, who subsisted on wild animal species (O’Dea et al. 1991; Speth and Spielmann 
1983). In comparison to their domesticated counterparts, O’Dea et al. (1991) argue that 
wild animals exhibit a low concentration of body fat, with the majority of nutritional fat 
content being located within bone shafts as marrow (Naughton et al. 1986). Fat is an 
essential component to human and animal nutrition not just as a source of energy, but to 
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provide essential acids for vitamin and mineral absorption and to prevent the onset of 
dietary insufficiencies (Speth and Spielmann 1983). 
Such extreme degrees of fragmentation are problematic for zooarchaeologists, 
particularly where long bone shafts are concerned. Traditionally, long bones are identified 
by diagnostic markers at either the proximal or distal bone ends (Reitz and Wing 2008). 
Shaft fragments, having fewer diagnostic features, may be identified to a skeletal element, 
but are rarely identifiable to a specific species (Bartram and Marean 1998; Blumenschine 
1995; Bunn 1981; Lyman 2008; Morin 2009; Outram 2001). Due to the relative density of 
long bone shafts, these fragments are commonly encountered in zooarchaeological 
assemblages (Lam et al. 1999; Outram 2001). Further non-nutritive destructive processes 
such as diagenesis (Beisaw 1999; Lyman 1994) and sediment compaction (Marean et al. 
2000; Villa and Mahieu 1991) only exacerbate the destruction of remains to such a degree 
that taxonomic identification is near impossible.  
Traditionally, unidentifiable fragments were excluded from analysis in favour of 
bones or bone portions with distinct diagnostic characteristics relating to which skeletal 
element it formed and/or the species it came from (Lyman 2008). But as Peres (2010: 24) 
notes, this type of laundry list approach is problematic given that zooarchaeological 
assemblages become ‘inherently biased’. Faunal remains recovered from archaeological 
contexts are but a sample, of a sample, of the original assemblage which in itself was a 
sample selectively obtained by human and non-human accumulators (Peres 2010). As such, 
interpretations of the past based solely on identifiable specimens can in no way provide an 
accurate representation of past behaviours. As Brain (1981:10) noted: 
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…it is remarkable how much information can be information can be obtained 
from the study of bone accumulations – often from those parts of the assemblage that, 
in the past, have been ignored or discarded by palaeontologists. It is desirable that all 
bone fragments from an excavation be retained, as seemingly uninteresting fragments 
often provide clues vital to the interpretation. 
This thought has been echoed by O’Connor (2000) who stressed that “unidentified” 
is not the same as “unidentifiable”. While not every bone in an archaeological assemblage 
can be isolated to a specific skeletal element and/or species, it is important not to exclude 
bones from analysis based on that fact alone. While unable to provide specific taxonomic 
information when examined individually, fragmented remains examined as a group can 
provide more specific information about hunting strategies and butchery techniques 
applied to animals of different sizes.  
 
2.3 Body Size and Behaviour in Archaeological Research 
Heavily fragmented faunal remains posed a methodological quandary for African 
researchers analysing Stone Age faunal assemblages (Brain 1981). The ubiquitous presence 
of unidentifiable fragments coupled with an abundance of morphologically similar species 
of varying body sizes provoked researchers to ask a key question: What can fragmented 
unidentifiable faunal remains tell us that a laundry list of taxa cannot? In his taphonomic 
analysis of the Sterkfontain Valley assemblages, Charles Brain (1981) found that the 
abundance of taxonomically unidentifiable bone fragments would require an alternative 
analytical methodology.  
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It had previously been observed that some skeletal dimensions were proportionally 
scaled and related to body weight (Emerson 1978; Gould 1966; Reitz et al. 1987). As such, 
the use of linear measurements as indicators of body mass was not a new phenomenon in 
archaeological research (Lyman 2008). Emerson (1978) utilised the length of the astralagus 
(ankle) bone to estimate the weight of white tailed deer (See also Lyman 2008:110-112). 
However, the application of Emerson’s (1978) method was limited by the survivability of 
specific bones in archaeological contexts. Brain’s (1981) body size classes were less 
constrained by bone survivability, being designed for the analysis of fragmentary remains 
from cave deposits. Though fundamentally interested in African apex predator behaviour, 
Brain (1981) argued that body size was a determining factor of prey selection (See also 
Binford 1984; Binford 1985). As such, the systematic comparison of the presence of 
different sized animal species and in what frequencies they were detected would provide 
researchers with a more comprehensive understanding of the processes and agents 
involved in the accumulation of archaeofaunal assemblages (See also Binford 1984: 77). Of 
course Brain’s (1981) findings were achieved through the observation and analysis of the 
processes of carcass destruction of contemporary predator groups. So while body size 
classes were a significant research milestone, the immediate problem for archaeologists 
was the lack of a comparative dataset to identify behavioural patterns in archaeological 
assemblages.  
In order to make sense of fragmented Palaeolithic assemblages, researchers utilised 
anthropological studies of contemporary hunter-gatherers. Ethnographic research on the 
foraging practices of the Alyawarra Aboriginals from Australia (O’Connell and Hawkes 
1984; O’Connell et al. 1989); the Nunamiut of Alaska (Binford 1978); the Hadza of Tanzania 
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(Marlowe 2010; O’Connell et al. 1988; O’Connell et al. 1990); the Kalahari desert !Kung San 
(Yellen 1991a; 1991b) and the Kua of Botswana (Bartram et al. 1991; Bartram and Marean 
1999) have all been studied extensively by archaeological researchers in an attempt to 
develop theoretical models to approach the analysis of Palaeolithic assemblages. These 
ethnographic studies are often utilised in the context of behavioural ecology theories to 
obtain actualistic data for the construction of research analogies, to compare and contrast 
with archaeological assemblages (Bettinger 1994; Winterhalder 2001).  
Foraging theories employed by archaeologists are based on the assumption that 
foraging is conducted to meet a maximum rate of energetic efficiency where “human 
decisions are made to maximise the net rate of energy gain” (Bettinger 1991:84; See also 
Hawkes and O’Connell 1992). More specifically, human groups will selectively rank prey 
and concentrate exploitation on those species which optimise their energetic or caloric 
return (Dusseldorp 2010). “Since the weight of a species is roughly proportional to its 
caloric value” (Dusseldorp 2010:110), it has been suggested that larger bodied species 
would be more profitable prey. However, as O’Connell et al. (1988) highlight, prey of larger 
body sizes pose a significantly greater threat to human hunters than their smaller 
counterparts (See also Dusseldorp 2010). As such, a proficiency in the exploitation of large 
bodied prey species became synonymous with complexity in associated human hunting 
behaviour and ability (Bettinger 1991; Dusseldorp 2010; Winterhandler 2001).  Body size 
and the ability to determine body size of faunas in archaeological assemblages thus became 
a key focus for researchers interested in understanding the origins of large game hunting, 
which was taken by some to be a threshold event in the emergence of modern human 
behaviour (Bettinger 1991; Winterhandler 2001).  
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2.4 Archaeology or Methodology: Klasies River Mouth Case Study of the Impact of 
Sub-sampling on Interpretation 
Africanist archaeological researchers have postulated that the presence and/or 
absence of different sized bovid species and in what frequencies they are detected can 
provide vital clues concerning the timing and nature of the emergence of modern 
behaviours (Dominguez-Rodrigo et al. 2007). The frequency in which each size class is 
represented has had profound effects on the interpretations of Middle Stone Age (MSA) and 
Later Stone Age (LSA) behaviours. However, given the lack of a standardised and quantified 
approach to the collection and analysis of unidentifiable shaft fragments, the validity of 
these interpretations has been questioned. In 1976 Richard Klein recorded a pattern of 
skeletal representation in the faunal remains recovered from the Klasies River Mouth site 
(KRM), situated in the Southern Cape Province of South Africa (Figure 2). This 
representation was later referred to as the “Klasies Pattern” (Bartram and Marean 1999; 
Klein 1976) and described as: 
 
…the relative absence of large bovid upper long bones and the abundance of 
head and lower long bones relative [to] a more anatomically even skeletal 
inventory for smaller bovids.    
   (Bartram and Marean 1999: 11[word added]).  
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Figure 2: Map of archaeological sites in South Africa, from Jacobs et al. (2006) 
 
The “Klasies Pattern” was not locally specific archaeological phenomenon, a similar 
pattern having been recorded by Perkins and Daly (1968) in their analysis of the Serbede 
faunal assemblage from Turkey which was dubbed the “Schlepp effect”. In both instances: 
…the assumption was that the pattern of skeletal part representation mainly 
reflects a human proclivity to bring the most desirable parts home and to leave 
others in the field.  
         (Klein 1989: 364) 
The differential patterning of bovid remains recorded at KRM was interpreted in four 
fundamentally different ways by different researchers (Table 3) with each interpretation 
having significant implications for the behaviours of the site occupants.  
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Table 3: Interpretations of the Klasies Pattern 
Researcher Interpretation and Behavioural Implication 
Klein 1976;  
Klein et al. 
1999;  
Behavioural Interpretation: 
Klasies MSA occupants focussed hunting practices on smaller, more docile prey which were 
usually transported back to the site whole. Larger preys were rarely taken, but on the occasion 
they were kills were usually juveniles and processed extensively in field before transportation.  
Behavioural Implications: 
During the MSA sequence at Klasies, occupants did not have the hunting technology or finesse 
to consistently exploit larger and more dangerous species. A cognitive revolution occurring 
during the transition to LSA resulted in an increased ability of hunters to exploit larger bovid 
species with proficiency.  
Binford 
1984; 
Binford 
1985; 
Binford 
1978 
Behavioural Interpretation 
Relatively anatomically complete smaller prey species indicates that these species were the 
focus of subsistence. The head and feet pattern observed at Klasies is the typical skeletal 
representation associated with scavenging. 
Behavioural Implications: 
The MSA occupants of Klasies were adept hunters of small to medium sized bovids but lacked 
the ability to successfully bring down larger, more dangerous prey. Skeletal elements of larger 
prey at the site were scavenged from the remnants of predator kills or naturally occurring 
deaths.  
Turner 
1989 
Behavioural Interpretation 
Hunting and scavenging should be considered by researchers as two parts of the response of 
highly adaptable animals to their surrounding environmental contexts.   
Behavioural Implications: 
The occupants of Klasies were highly organised and adaptable in their hunting methods which 
included scavenging activities. Inhabitants of Klasies exhibited behaviourally modern 
attributes in their response to the environments around them in the most energetically 
efficient way possible.  
Milo 1998 Behavioural Interpretation 
Comprehensive taphonomic analysis suggests that Klasies occupants were the primary 
accumulators of faunal material at the site. Butchery and cut mark analysis suggests that 
Klasies occupants made initial contact with prey of all body sizes. 
Behavioural Implications: 
The occupants of Klasies were highly adept hunters and may have employed aggressive 
scavenging behaviours. The abundance of juvenile larger prey is indicative of assessment of 
risk and gain, similar to that employed by other carnivorous non-human hunters. The 
occupants of Klasies were for all intents and purposes behaviourally modern. 
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However, as Turner (1989) noted, sieving of the KRM material through ½ inch 
screens was “a tactic likely to result in a considerable loss of bone fragments” (Turner 1989: 
5; Singer and Wymer 1982). The surviving material was then subjected to a degree of sub-
sampling where unidentifiable shaft fragments were systematically removed from the 
assemblage and discarded (Bartram and Marean 1999; Klein 1976; Turner 1989).  
The precise quantity of material thus discarded, and its proportion in relation 
to that analysed, cannot now be estimated with any certainty.  
(Tuner 1989:5)  
Following Turner’s (1989) analysis, Bartram and Marean (1999) demonstrated that 
the “Klasies Pattern”, wherever it occurs, was symptomatic of a large scale methodological 
bias in zooarchaeological research.  Ethnographic observations of Kua subsistence regimes 
demonstrated that access to nutrient rich marrow within the long bone shafts was achieved 
through smashing techniques (Bartram and Marean 1999). An additional study conducted 
by Marean et al. (1992) demonstrated that the less dense and grease rich epiphyses were 
preferentially removed by carnivores such as hyenas (See also Dusseldorp 2011; Klein et al. 
1999). Together, these findings suggested that taphonomic survivability of limb bone 
elements decreases with body size (Bartram and Marean 1999). From an archaeological 
perspective then, the poor representation of larger bovid species in comparison to their 
smaller counterparts may in fact be a result of taphonomic processes rather than an overall 
lack of these larger species within in an assemblage. Prolific sub-sampling of archaeological 
materials only exacerbated this differential representation (Bartram and Marean 1999). 
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More recent contributions by Faith (2008) demonstrated that when examined in 
large sample sizes, MSA hunters not only “exceeded LSA diet breadth in terms of ungulate 
utilisation” (Faith 2008:32), but in comparison MSA hunters also acquired larger prey more 
often than their LSA counterparts (Faith 2008:33).   
On the basis of these results, the appropriate question to ask of MSA versus LSA 
subsistence behaviour is not “why did MSA hunters avoid buffalo and wild pigs?” 
but “why did MSA hunters acquire more eland than LSA hunters?” 
       (Faith 2008:33) 
The answer though still being debated may have something to do with different 
hunting techniques, population pressures and environmental contexts. Faith (2008) cites 
studies by Klein and Cruz-Uribe (1996; 2000) which suggest that where LSA populations 
hunted individual specimens, MSA hunters specialised in mass kills. A decline of bovid 
exploitation evident in LSA assemblages (Faith 2008) and a corresponding increase in more 
labour intensive faunal exploitation such as fishing (Marean and Assefa 1999) indicates that 
changes in LSA subsistence in more consistent with population pressure than the cognitive 
revolution posited by Klein (Faith 2008: 34). Because of the degree of sub-sampling at KRM, 
it is unlikely that what faunal remains have been collected can provide an accurate 
depiction of behaviour at the site (Turner 1989). To avoid the development of conflicting 
interpretations of the complex interactions between humans and animals in the past, the 
collection and analysis of unidentifiable shaft fragments is a necessary component of 
zooarchaeological study. 
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2.4 Out of Africa: Bones, Body Size and Behaviour in Australia 
 Zooarchaeological analysis has been at the centre of archaeological debates outside 
of African literature. In Australia, the study of faunal remains has provided crucial evidence 
of how human groups successfully colonised the different environmental landscapes across 
the continent, particularly during periods of rapid environmental change (Hiscock 2008). 
The colonisation of Australia and the subsequent spread of anatomically modern humans 
across the continent would have been fundamentally impacted by the environmental 
conditions during those times (Bourke et al 2007; Cosgrove et al 2007; Hiscock 2008; 
Mulvaney and Kamminga 1999; Turney et al 2006). In Australia: 
Humans sometimes endured declining resources, perhaps struggled to survive 
unpredictable environments with which they were confronted; while in other 
places and times abundant resources and good conditions facilitated the 
movement of forager groups into new lands… 
         (Hiscock 2008:20) 
As such, human populations of Australia would have had to develop new and 
regionally adaptable subsistence strategies to contend with the increased unpredictability 
of access to food and water sources (Bourke et al 2007; Cosgrove et al 2007; Hiscock 2008; 
Mulvaney and Kamminga 1999; O’Connell and Allen 2004; Turney et al 2006). These 
strategies would have been underpinned by intimate knowledge of the surrounding 
environmental context (Mulvaney and Kamminga 1999), a theory which has been 
supported by the ethnographic study of contemporary Indigenous Australians (Gresty 
1947; O’Connell and Hawkes 1984; O’Connell et al. 1989; Petrie 1904). 
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 The Moreton region in southeast Queensland (Figure 3) has been of particular 
interest to archaeologists because of the rich settlement history recorded in the regions 
past (Hall 1999; Hall and Hiscock 1988).  It is of particular interest to zooarchaeologists 
because faunal analysis has had a central place in reconstructing the patterns of site use 
throughout the terminal Pleistocene and Holocene (Hall 1999; Hall and Hiscock 1988; 
Kearney 1998; Mowat 1988).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Map of the Moreton Region Archaeological Sites, from Hall (1999:170) 
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The Moreton Region consists of two broadly defined environmental zones: the 
Coastal Zone and Sub-Coastal Zone (Figure 3).  Hall (1999:169) defines the coastal zone as a 
“shifting mosaic of beaches backed by low dunes, estuaries, mangrove communities, 
freshwater streams, swamps, fringing forest, heaths, dune forests and other forest 
communities”. In contrast, the Sub-coastal zone is defined by dense rainforest vegetation in 
the highlands which subsides to eucalypt forests in the lowlands (Hall 1999: 169-170). The 
various environmental zones support a variety of native faunal species (Table 4 ; for a more 
extensive list see Appendix 7), the study of which has had a central place in reconstructing 
regional occupation models (Hall 1982; 1999; Hall and Hiscock 1988; Kearney 1998; Mowat 
1988). 
Table 4: A Taxonomic List of Terrestrial Faunas Native to the Moreton Region 
Common Name Scientific Name 
Antechinus, Dunnart and 
Melomys Species 
Antechinus sp.; Sminthopsis sp.; Melomys sp.  
Bat Species Chalinolobus  sp.; Kerivoula sp.; Pteropus  sp.; Saccolaimus sp; Scotorepens  
sp.; Syconycteris sp.; Miniopterus  sp.; Mormopterus sp.; Myotis sp.; Nyctimene  
sp.; Nyctophilus sp.; Rhinolophus sp.; Tadarida sp.; Vespadelus sp. 
Bandicoot, Dingo, 
Echidna, Koala and 
Platypus Species 
Canis sp.; Ornithorhynchus sp.; Isoodon sp.; Perameles sp.; Phascolarctos sp.; 
Tachyglossus sp. 
Bettong, Kangaroo, 
Pademelon and Wallaby 
Species 
Aepyprymnus sp.; Macropus sp.; Thylogale sp.; Wallabia sp.; 
Planigale, Phascogale 
and Quoll Species 
Dasyurus sp.; Phascogale sp.; Planigale sp.; 
Possum and Glider 
Species 
Acrobates sp.; Cercartetus sp.; Petaurus sp.; Trichosurus sp.; Petauroides sp. 
Rodent Species Pseudomys sp.; Rattus sp.; Hydromys sp.; Xeromys sp.  
(Queensland Government DERM 2012a; 2012b; 2012c; 2012d; 2012e; 2012f; 2012g; 2012h; 2012i; 2012j; 2012k). 
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The occupation of the Moreton region throughout the terminal Pleistocene and 
Holocene has been interpreted by two competing models (Table 5): Morwood’s (1987) 
‘Social Complexity Model’ and Hall’s “Alternative Model” (See also Kearney 1998). Dating to 
c.6500BP-6000BP (1986:89; See also Kearney 1988:24), Bushrangers Cave, located on the 
Lamington Plateau in the Numinbah Valley is one of the oldest archaeological sites with the 
longest cultural sequence in Southeast Queensland (Hall 1986; Kearney 1998). The faunal 
analysis of Bushrangers Cave has therefore been a focal point for developing further 
evidence to support the proposed regional models (Table 5). 
Table 5: A Short Summary of Moreton Region Behavioural Models 
Social Complexity Model Alternative Model 
Prior to 6000BP = Sparse, low density, highly 
mobile populations concentrated in optimal 
resource zone (Morwood 1987: 343) 
 
Post 6000BP = Socio-demographic restructure 
and increased population triggered resource 
annexation (Morwood 1987) 
Prior to 6000BP = Low density populations 
exploiting coasts, estuaries and hinterlands (Hall 
and Hiscock 1988) 
 
6000-2500BP = after sea level rise, annexation to 
rainforest zones 
 
2500-1000BP = Continued use of sub-coastal 
inland, but an increase in population resulted in 
expansion to bay islands 
 
Morwood’s (1987) regional occupation model of the Moreton region suggested that 
a population increase resulted in “a shift from large and medium bodied marsupials to small 
bodied marsupials” as the main prey focus in more recent depositional periods (Kearney 
1998:81). However, a palaeoenvironmental study by Kearney (1998) found that larger-
bodied marsupials were present in early and late occupation phases at Bushrangers Cave, 
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challenging Morwood’s (1987) model. However, Kearney’s (1998) interpretation, much like 
Mowat’s (1988) preceding analysis focused on the trends predominantly in identifiable taxa 
(Hall 1986; Hiscock and Hall 1988a; Kearney 1998, Mowat 1988). Hall (1986) noted that 
while preservation conditions were ultimately ideal for conservation of biological material, 
heavy fragmentation rendered a majority remains from Bushrangers Cave taxonomically 
unidentifiable. It is important to remember though that identifiable taxa may not be 
representative of the broader trends in faunal exploitation at a site. To further clarify if 
Bushrangers Cave faunas do in fact disprove Morwood’s (1987) hypothesis, an analysis of 
fragmentary faunal remains would be required.  
Following a precedent set by African researchers, archaeologists investigating the 
Moreton region and other sites across Australia began to employ basic size classes for the 
analysis of fragmentary remains (Table 6). However, the use of body size classes in 
Australia has been problematic for two main reasons: 
 
1) There is no formally recognised or collectively agreed upon body size class 
system for Australian fauna. Instead, where body size classes for fragmented 
fauna  are used, they are region specific, and; 
 
2) As the Klasies debate and subsequent directions in zooarchaeological research 
have demonstrated, a lack of standardised protocols for the collection and 
analysis of faunal remains can generate false patterning of archaeological data. 
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Table 6: A Summary of Different Approaches to the Analysis of Fragmented Faunal Assemblages in 
Australia 
Archaeological Site 
and Researcher/s 
Methodology 
Puntutjarpa Rock 
shelter: 
Archer 1977; Gould 
1996 
Archer (1977) reported that although the occupants of Puntutjarpa had exploited a wide 
variety of faunas, the degree of fragmentation made identifying and estimating the number 
of prey exploited during each occupational phase impossible. Archer (1977) employed size 
based groups based on taxonomic family such as “large macropodid” (See also Gould 1996). 
Cathedral Cave: 
Beaton 1991a 
 
Heavy fragmentation and burning of faunal remains was recorded at Cathedral Cave in 
Carnarvon Gorge by Beaton (1991a). Fragmented remains were sorted into burnt and 
unburnt categories and into class level body size classed (e.g. Small / Large Mammal) where 
possible.  
Rainbow and 
Wanderers Cave: 
Beaton 1991b 
Beaton (1991b) identified fragmented bones to broad taxonomic family groups such as 
“Macropod species”, which encompassed both Kangaroo and wallaby species without 
reference to size based differentiation.   
Hope Inlet : 
Bourke 2004 
Bourke (2004) provided a detailed analysis of the terrestrial and aquatic species within a 
midden context at Hope Inlet. While initially terrestrial faunas were grouped by taxonomic 
family (e.g. macropod), Bourke (2004) later refers to macropod remains in terms of Small-
Medium and Medium-Large sizes. Aquatic faunas which could not be identified past a 
specific taxonomic class or family are also differentiated by size.  
Tasmanian Cave 
Sites: 
Cosgrove 1999; 
Cosgrove et al 1990; 
Cosgrove and Allen 
2001; Cosgrove and 
Pike-Tay 2004; 
Garvey 2011 
 An abundance of heavily fragmented macropod remains have been recorded in Tasmanian 
Cave sites (Cosgrove 1995; 1999; Cosgrove and Allen 2001; Cosgrove and Pike-Tay 2004; 
Garvey 2011). The intensity of fragmentation has been argued to be linked to heavy 
marrow processing activities, a pattern which researchers argue as a response to resource 
scarcity (Cosgrove 1995; 1999; Cosgrove and Allen 2001; Cosgrove and Pike-Tay 2004; 
Garvey 2011). For analytical purposes, Cosgrove (1999) and Cosgrove et al (1990) utilised 
body size classes based on both taxonomic family (e.g. small/large macropod) and class 
(e.g. small/large mammal) levels. In a more recent study Garvey (2011) also utilised a 
taxonomic family based body size class system, where macropod species were 
differentiated by body size.  
Maidenwell and 
Gatton Shelter: 
Morwood 1986 
Morwood (1986) found that a lack of diagnostic features and poor preservation conditions 
required the use classes based on taxonomic family groups (e.g. Macropus sp.) with no 
explicit reference to body size.  
Bushrangers Cave: 
Hall 1986 
Hall (1986) utilised similar measures as Morwood (1986). Hall (1986) was able to identify 
several species to specific genus level (e.g. Bettongia sp.) while other fragments were 
grouped by taxonomic family levels (e.g. unidentified Macropod) without particular 
reference to size.  
Serpent’s Glen: 
O’Connor et al 1998; 
Walshe 2000 
O’Connor et al (1998) found that extreme bone fragmentation as Serpent’s Glen made 
identification of a majority of the assemblage impossible.  Faunal remains were grouped 
into size based taxonomic class, infra-class and family categories.  
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In order to develop accurate understandings of the relationships between people 
and their environments it is important to develop rigorous protocols that limit the potential 
of methodological bias entering archaeological data. Although more recent contributions in 
archaeological research have been structured to produce “comparable, taphonomically 
informed datasets” (Thompson 2010: 337), the underlying principle behind body size 
classes has remained unchanged. For data to be truly comparable, the relationship between 
cortical bone thickness and body weight, and the variables which influence this relationship 
must first be investigated.  
 
2.5 One Relationship, Many Variables 
Despite a large scale re-evaluation of archaeological methods, the use of body size 
class systems has undergone very little critique, possibly as a result of budgetary and 
deadline pressures requiring researchers to focus on those bones which provide more 
easily attainable data. Croker et al (2009) presented one of the first critical explorations of 
the feasibility of using cortical bone thickness as an additional tool to differentiate 
ambiguous bone shaft fragments of humans and non-human animals in Australia(See also 
Oxenham and Barwick 2008). The study calculated an index for cortical thickness relative 
to the shaft diameter for the femur of a sample of human, sheep and kangaroo specimens 
(Croker et al 2009). The study confirmed that there was a statistically significant difference 
in the cortical bone thickness of the femur in humans, sheep and kangaroos (Crocker et al 
2009).  
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Unfortunately, the statistical difference presented by Crocker et al (2009) is based 
exclusively on the measurement of the midpoint of the femur. As such, it is not known if the 
same pattern will be detected if multiple measurements were taken along the bone shaft, or 
if this pattern is present in all skeletal elements or just the femur. In addition, the kangaroo 
specimens employed in Croker’s study were attained from a distributor of kangaroo meat 
for human consumption (Crocker et al 2009: 554) which according to commercial kangaroo 
harvest quotas published by the Australian Government (2005; See also Crocker et al 2009) 
were derived from as many as four different Kangaroo species (Table 7).  
 
Table 7: List of Kangaroo Species Registered on Australian Government Harvest Quotas and Maximum 
Weight (kg), from Hume et al 1989; Strahan and Conder 2007; Weldon 1985 
Scientific Name Common Name Adult Male Weight 
Maximum (kg)  
Adult Female 
Weight Maximum 
(kg)  
Macropus fuliginosus Western Grey Kangaroo 53.5kg 
 
27.5kg 
 
Macropus giganteus Eastern Grey Kangaroo 66kg 
 
32kg 
 
Macropus robustus Common Wallaroo 46.5kg 
 
25kg 
 
Macropus rufus Red Kangaroo 85kg 
 
35kg 
 
In the absence of specific data pertaining to the age, sex, weight and species of each 
specimen, the feasibility of body size classes and cortical bone thickness as an analytical 
tool for the study of fragmented Australian faunal assemblages is as yet unknown. While 
Crocker et al (2009) did not provide specific data for cortical bone thickness in individual 
native faunal species; the study did highlight some specific variables which may be resulting 
in a degree of individual variation (Hayes and Jenkins 1997) in cortical bone thickness.  
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2.5.1 Ontogeny 
Lyman (1994:70) defines ontogeny as “the growth and development of an organism 
from its conception to its death”. Age will inextricably affect the growth and development of 
bone as the structural properties of bone will continue to change with age (Currey 2011; 
Safadi 2009; Pearson and Lieberman 2004; Reitz and Wing 2008). This not only refers to 
differences between juvenile and adult animals, but also to older animals where specific 
degenerative bone diseases may be present, such as osteoarthritis and osteoporosis 
(Crocker et al 2009; Currey 2011; Horton and Samuel 1978; Ladds 2004; Safadi 2009; Reitz 
and Wing 2008). 
 
2.5.2 Body Mass and Allometry 
The principles of allometric scaling suggest that a larger animal species must also 
exhibit a greater cortical bone thickness in order to support the larger body mass (Currey 
and Alexander 1985; Croker et al 2009; Locke 2004; Reitz and Wing 2008). Some Australian 
animals, however, exhibit an allometric scaling unique to their species which may have 
implications for the clear separation of distinct body size classes (Crocker et al 2009; 
Dawson and Taylor 1973; McGowan et al 2008; Tyndale-Biscoe 2005). Macropod species 
share elongated hindlimbs with comparatively diminutive forelimbs. There may be an 
overlap between the cortical bone thickness of forelimb elements of these species with 
skeletal elements of smaller species. This is problematic for the application of size classes 
on Australian archaeological assemblages, because fragments are usually too small to 
identify which skeletal element they came from. This could inflate the abundances of a 
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particular size class during analysis.  So while the basic principles of allometry are accepted, 
this thesis will quantify this relationship in order to determine if body size classes can be 
feasibly used as an analytical tool for examining archaeological assemblages in an 
Australian context where skeletal element is unknown. 
 
2.5.3 Skeletal Morphology, Locomotion and Bone Loading 
Wolff’s Law (Pearson and Lieberman 2004) suggests that the structure of bone 
adapts to the loads under which it is placed. Different skeletal morphologies can however 
change the way in which body weight is distributed throughout the body (Currey 2011; 
Locke 2004; Safadi 2009). The morphology of an animal is generally structured to facilitate 
a particular locomotive mechanism (Currey 2011; Safadi 2009). Australian terrestrial 
faunas exhibit two methods of locomotion: bipedal/pentapedal and quadrupedal. The 
hopping or bounding animals such as Macropus spp. species share a unique skeletal 
morphology specifically found only in the Australasian region (Dawson and Taylor 1973; 
Grand 1990; McGowan et al. 2008; Tyndale-Biscoe 2005). This salutatory gait or hopping 
mechanism is used for movement at high speeds, while the slower pentapedal gait is used 
for crawling with the forelimbs and tail to support weight while bringing hindlimbs forward 
(Cooper and Steppan 2010; Dawson and Taylor 1973; Grand 1990; McGowen et al. 2008; 
Tyndale-Biscoe 2005). It is expected that the tibia and femur in these species will have a 
thicker cortical bone as a result of limb loading to support the weight and power exerted 
during the hopping locomotion (Dawson and Taylor 1973; McGowen et al. 2008; Tyndale-
Biscoe 2005).  
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The quadrupedal group includes both ground dwelling and arboreal species. These 
species share the quadrupedal gait of most mammals, with four limbs of equivalent length 
(Dawson and Taylor 1973; McGowen et al. 2008; Tyndale-Biscoe 2005). These species are 
usually much smaller than the hopping mammals, and display short and robust long bones 
(Dawson and Taylor 1973; McGowen at al 2008; Tyndale-Biscoe 2005). Because of the 
more even distribution of their weight, cortical bone thickness is not expected to vary 
greatly between the fore and hindlimbs (Dawson and Taylor 1973;  McGowen at al 2008; 
Tyndale-Biscoe 2005). However, certain behavioural trends such as burrowing or climbing 
may result in an inflation of cortical bone thickness (Dawson and Taylor 1973; McGowen et 
al. 2008; Tyndale-Biscoe 2005). 
 
2.5.4 Sexual Dimorphism 
Size based differentiation in species based on their respective sexes is referred to as 
sexual dimorphism (Reitz and Wing 2008). As a general rule in mammalian species, males 
are typically more robust than females, a factor which is reflected in their skeletal remains 
(Crocker et al 2009; Reitz and Wing 2008; Strahan 2004). In the long bone elements, laws of 
allometry suggest that male specimens will typically show more robust cortical thickness to 
support a larger body mass. By extension, females with a smaller body mass will exhibit a 
smaller cortical thickness. Furthermore, in macropod species, male forelimbs are often 
disproportionately larger than their female counterparts as they are used to fight off 
competing males in courtship disputes (Strahan 2004:304).  
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2.5.5 Nutrition, Health and Disease 
Nutrition and nourishment deficiencies and diseases have been detected as factors 
in the structure of long bones and cortical thickness in humans (Garn et al 1969; Saunders 
and Melbye 1990; Larsen 2006). However, fewer studies examine the effects of 
malnutrition in the cortical bone thickness of animal species (Hume 2005). Ladds 
(2004:496) states that Vitamin D imbalances manifest in skeletal diseases such as Rickets 
which can lead to bone deformities.  Hime and Jones (1972) also detected bone tuberculosis 
lesions in Macropus rufogriseus, and Horton and Samuel (1978) found evidence of Lump 
Jaw disease in macropod fossil assemblages. So while there is very little literature 
examining the effects of nutrition and disease on cortical bone thickness in Australian 
mammals, the possibility that nutrition and disease may result in cortical bone thickness 
variability cannot be excluded. 
 
2.5.6 Provenience 
Certain Australian mammals are specialised to specific environmental regions, 
however some can be found across the continent (Strachan 2004). These species may be 
susceptible to variation in cortical thickness as a result of regional environments. 
Furthermore, Bergmann’s law contends that animal species are generally larger during 
colder periods in comparison to warmer conditions (Watt et al 2010). In addition, Allen’s 
rule of thermoregulation suggests that species in warmer climates will have longer limbs 
for maximum heat dispersion in comparisons to animals in colder climates (Tilkens et al 
2007). Furthermore, some species that have been documented as far back as the 
Pleistocene are far larger than their modern counterparts (Long et al 2002; Quirk et al. 
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1983; Rich et al. 1985). As such following the principles of allometry, changes in the size of 
species over time will result in corresponding  changes in the size of cortical thickness in 
that species (Currey and Alexander 1985; Reitz and Wing 2008). 
 
2.6 Summary 
Body size has been proven to be a deciding factor in the decision making processes 
of hunter-gatherer populations with regard to how animals are hunted, processed and 
transported (Bartram and Marean 1999; Binford 1978; Binford et al 1988; Marlowe 2010; 
O’Connell et al 1988; O’Connell et al 1989; O’Connell et al 1990; O’Connell and Hawkes 
1984; Yellen 1991a; 1991b). Fragmentation of zooarchaeological assemblages is 
widespread so the ability to determine body size from an otherwise taxonomically 
unidentifiable assemblage is significant research milestone. However, there are many 
factors that might potentially affect the relationship between cortical bone thickness and 
body mass. This will potentially affect the use of body size classes at Australian 
archaeological assemblages. The quantification of the relationship between cortical bone 
thickness and body size is therefore necessary to facilitate the exchange of comparable 
datasets for a more comprehensive understanding of the relationships between humans 
and their surrounding environments. 
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Chapter 3: Methodology 
3.1 Introduction 
While faunal remains are the research medium in zooarchaeology, they in 
themselves do not provide researchers with a meaningful account of the past (Johnson 
2010:7). Theory and method are the interrelated foundations of all archaeological research. 
This chapter examines the theoretical approaches which have informed the methodological 
framework utilised in this thesis. Then, this chapter will detail the specific methods 
employed for the process of obtaining a native Australian faunal reference collection, the 
analytical approaches applied to the archaeological assemblage, and the statistical models 
employed to analyse the relationship between cortical bone thickness and body mass in the 
sample of native Australian species.  
 
3.2 Theory and Method 
O’Connor (1996: 6) argues that since its inception, faunal analysis takes a 
fundamentally positivist approach which gives rise to functionalist interpretations (See also 
Brewer 1992; Grayson 1973; Peres 2010). More specifically, zooarchaeological research 
formulates models grounded on empirical observations to understand how the interactions 
between humans and other animals structured the behaviours of a social group, and in 
return how these behaviours influenced or structured the interactions of humans and other 
animals (Brewer 1992; Grayson 1973; Johnson 2010; O’Connor 1996). Faunal analysis is 
thus somewhat awkwardly positioned in the locus between archaeology, whose primary 
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interest resides in human beings, and palaeontology, whose primary concern is focused on 
the animal species in and of itself (O’Connor 1996: 6). Zooarchaeology, much like many sub-
disciplines of archaeology, is an amalgamation of multiple disciplines and as a result, the 
theory, being why, is often viewed as separate from methods, being how (Johnson 2010:2). 
It should be reiterated here that this division is too simplistic for contemporary research 
(Johnson 2010:2). Rather, theory and methods are interrelated parts of the same process.  
Method is a fundamental component of any research investigation because it 
determines in what manner information comes to be known. Knowledge does not 
spontaneously occur, instead it is inextricably related to and affected by the methods 
utilised to attain it (VanPool and VanPool 2003; See also Bentley et al. 2008).  An 
inadequate methodological structure has ramifications for the entirety of an archaeological 
investigation and has in the past lead to false patterning of assemblages and thus 
misleading interpretations of the past (Bartram and Marean 1999; Klein 1976; Johnson 
2010). The Klasies River Mouth site discussed in chapter 2 is a quintessential example of 
how inadequate research methodologies can influence interpretations of the past (Klein 
1976; Klein et al 1999; Bartram and Marean 1999; Faith 2008; Pickering et al 2006).   
This thesis employs processualist archaeological approaches which are structured 
by the methods of scientific inquiry, where a hypothesis is first proposed and subsequently 
tested on observable data (Johnson 2010; See also Bentley et al. 2008). More specifically, 
the scientific approaches of processualist archaeology have been employed in this thesis to 
provide a systematic structure for the quantified analysis of the relationship between 
cortical bone thickness and live body weight. In addition to this, the use of a reference 
collection assumes a uniformitarian approach in that if cortical bone thickness and live 
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body weight are allometrically linked, this relationship will also be detectable within 
Pleistocene and Holocene archaeological assemblages containing the same species in 
Australia (Quirk et al 1983; Rich et al 1985). Finally, as a case test for the model and body 
size classes developed during the course of this investigation, the body size of faunas from 
the fragmented zooarchaeological assemblage from Bushrangers Cave will be examined and 
the results applied within a framework of optimal foraging theory.  
As previously discussed in Chapter 2, foraging theories are based on the 
fundamental assumption that the exploitation of animals by humans and hominids was 
conducted to maximise the net rate of energy and caloric gain (Dusseldorp 2010). These 
types of theories have been heavily criticised, with the strongest objections coming from 
the use of contemporary hunter-gatherer societies as an archaeological analogy (Gremillion 
2002; Humphries 2007; Pike 1984). This thesis takes the same stance advocated by 
O’Connell et al (1988:148-149): 
 
Because the archaeological record cannot be read directly, one must approach 
it with some knowledge of the processes likely to affect it and the patterns they 
are likely to create…The data do not speak for themselves; they are only 
informative in so far as they match or fail to match expectations….If modern 
hunters are not the source, what is? 
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Under this theoretical scope, faunal remains, even unidentifiable shaft fragments, are 
an important component of archaeological research because not only are they ubiquitously 
recorded in all zooarchaeological assemblages but because they in themselves are evidence 
of a pattern of past behaviours. The analysis of the fragmented zooarchaeological 
assemblage of Bushrangers Cave will further assess interpretations of regional occupation 
through a more rigorous assessment of body size representation, and changes in that 
representation throughout the cultural sequence (Hiscock and Hall 1988; Kearney 1998).  
 
3.3 The Modern Australian Mammalian Reference Collection 
In order to generate the data required to examine the relationship between cortical 
bone thickness and body mass, it was a requirement that animal bones used in analysis had 
an exposed section of cortical thickness, preferably for the entire length of the diaphysis. 
Furthermore, it was essential that each bone was identified to the species level. Sex and 
approximate age must also be taken into account, as well as the geographic origin and a live 
weight estimation of each specimen. It was essential then to source a collection of remains 
specifically for this research project. Due to time constraints, additional data were also 
procured through access to CAT scans of skeletal materials. What follows are the details of 
where and how faunal remains were sourced and how they were processed for the 
purposes of later examination. 
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3.3.1 Access to Australian Mammal Reference Collection 
On a legislative level, access to Australian native faunal remains in the state of 
Queensland is governed by the Department of Environment and Resource Management 
(DERM) and in New South Wales by the Environmental Protection Authority (EPA). After 
consultation with a representative of DERM and the EPA appropriate permissions were 
received for the collection of skeletal material (Refer to Appendices 1-3).  Faunal remains 
were obtained from four institutions (Table 8). 
 
Table 8: Wildlife Institutions and the Number of Specimens Provided for this Thesis 
Wildlife Institution Number of Skeletal Specimens 
Provided 
Australia Zoo Wildlife Hospital, Beerwah (AZ) 3 
Currumbin Wildlife Sanctuary, Gold Coast (CWS) 34 
Moggill Koala Hospital, Moggill (MKH) 220 
Queensland Museum, Brisbane (QM) 3 
Tenterfield Shire Wildlife Authority, Tenterfield (TS) 13 
 
Specimens were collected by the representatives of each institution respectively, in 
accordance with current EPA/DERM legislation, or brought to the institutions by members 
of the public and cold stored in freezer units prior to collection (CWS pers. comm. 2011; 
AZWH pers. comm. 2011; DERM pers. comm. 2011; EPA pers. comm. 2011).   
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3.3.2 Processing and Recovery of Faunal Remains 
The details for processing and recovery of the faunal remains constituting the 
modern reference collection have been divided into three phases and displayed in order of 
occurrence in Table 9.  
 
Table 9: Outline of the Processing and Recovery of Faunal Remains 
Phase Details 
Processing   In accordance with DERM/EPA legislation for scientific research (Appendix 
1-3), all animal remains were processed on site in post-mortem facilities at 
each respective institution.  
 The femoral, tibial, humeral and radial elements were extracted from each 
carcass where available and excessive flesh and muscular attachments were 
removed. To promote speedy decomposition, the proximal and distal ends 
(which are typically full of grease and difficult to process) were removed. 
Some larger specimens were also cut in half or thirds for storage purposes.  
Deposition  Each bone was photographed and given a unique specimen identification 
number.  
 Bones were  buried to a depth of 50cm for a minimum period of six to eight 
weeks in three 30cm x 30cm  trenches which were lined with chicken wire 
to prevent the loss of specimens due to taphonomic processes (Burke and 
Smith 2004; Refer to Appendix 4).   
 Trenches were excavated using shovels and trowels, and soil was sieved in 
5mm sieves to ensure minimal loss of bone material. Once the bones had 
been recovered they were then cleaned in a 20% bleach solution and dried. 
Longitudinal 
Segmenting 
 Large bones were cut into longitudinal segments through the use of a 225 
Watt Ryobi 150mm Band Saw.  Appropriate protective eyewear and facial 
masks were worn during this procedure.  
 Small bones were filed down on one side with a professional electronic 
grinding file to reveal a continuous longitudinal segment. This method did 
involve the loss of one side of the bone of each specimen, but the alternative 
was the loss of the entire specimen all together when using the bandsaw. In 
light of the potential for increased loss of data and immediate health and 
safety risks, this was seen as an acceptable concession.    
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3.2.3 Measurement of Cortical Bone Thickness for Skeletal Reference Collection 
To account for variation of cortical thickness across the shaft length, each bone 
specimen was measured at five measurement points along the diaphysis using digital 
callipers (Figure 4). The points were measured three times and a mean measurement was 
then generated. This was done to avoid researcher and calliper bias. The data extracted 
were recorded and analysed in Microsoft Excel spread sheets for analysis (Refer to 
Appendix 6), the statistical relationships between cortical thickness and body mass were 
assessed using PAST (Hammer et al 2001). Development of the model for Australian body 
size class groupings was done using a statistical evaluation of where natural breaks in 
cortical thickness occur, as well as correlative analysis of cortical bone thickness and live 
body mass.  
 
 
 
 
Figure 4: Measurement Points for Skeletal Specimens 
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3.2.4 Access to Australian Mammalian CAT scan Dataset 
The secondary dataset of CAT scans was provided by Dr Kristian Carlson from the 
University of the Witwatersrand in Johannesburg, South Africa (Refer to Appendix 5). These 
scans form a small component of a larger study which was made possible by funding 
through the African Origins Platform of the Department of the Department of Science and 
Technology (South Africa) and the National Research Foundation of South Africa. The scans 
provided additional cortical bone thickness data for a small selection of Australian 
mammals (Table 10). 
 
 Table 10: List of Taxa Represented in the CAT scan Dataset 
 
 
 
 
Scientific Name Common Name Number of Individuals 
Macropus eugenii Tammar Wallaby 5 
Macropus fuliginosus Western Grey Kangaroo 2 
Macropus giganteus Eastern Grey Kangaroo 5 
Macropus parma Parma Wallaby 1 
Wallabia bicolour Swamp Wallaby 2 
Phascolarctos cinereus Koala 9 
Trichosurus vulpecular Common Brushtail Possum 6 
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3.2.5 Measurement of Cortical Bone Thickness for CAT scan Dataset 
Details of the 4 stage method for CAT scan measurement process and analysis have 
been summarised in table (Table 11).  
Table 11: Method for CAT scan Measurement Process and Analysis 
Measurement 
Stage 
Procedure Description 
Stage 1  The CAT scans of Australian mammalian skeletal elements provided by Dr 
Kris Carlson were transferred digitally through the use of a web based file 
hosting service operated by DropBox (Carslon Pers comm. 2012). 
  The image files in DCM format were opened via Imagej, a free public 
domain java image processing program created by the National Institute of 
health, a sub-agency of the United States Department of Health and Human 
Services (Rasband 1997). 
Stage 2  Each scan was opened in Image J as an ‘Image Sequence’. The frame with 
the clearest cortical bone depiction of the scanned skeletal specimen was 
then saved as a new image.  
 The images were formatted as PNG files rather than TIFF/JPEG to enhance 
image quality under zoom. Prior to closing image sequence, the actual 
measurement for each image was also recorded (e.g. 96.00mm x 96.00mm 
(512 pixels x 512 pixels). These details were essential to adjust the scale of 
the image during phase 2. 
Stage 3  The saved PNG image was then reopened and the scale of the image was 
then adjusted via the ‘set scale’ tool found under the ‘analyse’ drop menu.  
 A visual scale bar was then inserted by selecting the ‘scale bar’ application 
which can be selected through the ‘tools’ tab under the ‘analyse’ drop 
menu.  
Stage 4  Parallel measurements of cortical bone thickness were taken at the distal 
measurement point using the ‘Measure and Label’ application found in the 
‘analyse’ tab which can be selected from the ‘Plugins’ drop menu.  
 This application numbers the interval on the image, and brings up a menu 
box with the total length of the cortical thickness at the marked interval. 
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3.4 The Bushrangers Cave Zooarchaeological Assemblage  
The Bushrangers Cave archaeological assemblage was accessed through Dr Jon 
Prangnell of the University of Queensland after consulting with associate Professor Jay Hall, 
and facilitated by laboratory technician Emilija Trpkovski. The Bushrangers Cave faunal 
assemblage had been previously examined by Hall (1986) Mowat (1988) and Kearney 
(1998).  Mowat (1988) provides detailed analysis of faunal material from grid units H90 
and H91 (Figure 5). Kearney (1998) expanded the analysis, examining grid square H94 
(Figure 5). The previous analysis of identifiable fauna from these grid squares made them 
ideal candidates for study.   
During initial sorting, it was found that traditional methods to classify fragments 
according to 3mm and 6mm sieve sizes did  not prove to be useful measures as “some 
pieces of bone exceeding 6mm in maximum dimension passed through the 3mm mesh 
sieve” (Mowat 1988:27-28). Because of the degree of fragmentation, both Mowat (1988) 
and Kearney (1998) limited the analysis of unidentifiable bone to a sorting material into 
maximum dimension size categories (Table 12). Fragments were then further sorted by the 
degree of burning (Table 12). 
 
Table 12: Method of Classification for Fragmented Faunal Remains from Bushrangers Cave 
Fragment Size Degree of Burning 
Maximum Dimension 
<20mm 
Sieve size: 3-6mm 
Unburnt Bone 
Burnt and Lightly Carbonised Bone 
Totally Carbonised or Calcined Bone 
Maximum Dimension 
≥20mm 
Sieve size: >6mm 
Unburnt Bone 
Burnt and Lightly Carbonised Bone 
Totally Carbonised or Calcined Bone 
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Figure 5: Map of Bushrangers Cave Archaeological Site with Excavation Units, adapted from Kearney (1998:26), originally published by Hall 
(1998)
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For the purposes of this study, only unburnt fragments were examined because 
all modern reference specimens were unburnt and the effects of burning on alteration 
of cortical bone thickness through bone shrinkage or delamination is unknown. Each 
fragment was examined under microscope and magi-lamps and compared with a 
reference collection to determine if each fragment was: 
 
 
1) A mammalian long bone shaft fragment 
2) Unburnt and uncooked bone 
3) Undigested bone and gnaw free, and 
4) Bone which had a minimum of 5mm of exposed and uninterrupted 
cortical bone thickness. 
 
 
Before being measured, each bone was assigned to a body size class through a 
qualitative analysis. As previously mentioned in chapter 2, there are no formally 
recognised body size classes for Australian mammals, with different researchers 
employing different size classes to suit their own assemblages. For the purposes of this 
analysis, Australian faunal species were divided into three size classes (Table 13). 
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Table 13: Arbitrary Body Size Classes for Australian Faunas 
Size Class Weight Range (kg) Example of Species 
Class A: Small 0-5.0kg Greater Glider; Sugar Glider; Yellow-
Bellied Glider; Potoroo; Brushtail Possum; 
Ringtail Possum;  
Class B: Medium 5.1kg-25kg Red-Necked Wallaby; Whiptail Wallaby; 
Koala, Red-Legged Pademelon; Swamp 
Wallaby; Black-Striped Wallaby 
Class C: Large >25kg Eastern Grey Kangaroo 
 
Size classes listed in Table 13 have been developed based on the faunal species 
identified in the Moreton region and more specifically at Bushrangers Cave. They 
therefore do not reflect a set of size classes that should be used in the broader 
Australian context. Rather, these size classes have been formulated to test the accuracy 
of qualitative assignment vs. quantitative assignment of the fragmented remains to 
assess the body size of faunas from Bushrangers Cave.  Each fragment that was eligible 
for measurement was first assigned to one of these arbitrary size classes. A 
measurement of cortical bone thickness of each fragment was then taken a total of 3 
times, the mean value of which was used to inform the quantitative body size classes 
proposed in Chapter 4. 
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3.5 Statistical Analyses 
The statistical analysis employed in this thesis is an investigative one designed to 
complete several phases of hypothesis testing. Table 14 provides an outline of the tests 
employed during the course of this analysis as well as justification for their use.  
Table 14: Statistical Tests Employed During Analysis and Justification 
Statistical Test Justification 
Shapiro-Wilk  Because distribution is a deciding factor in which statistical tests can be conducted, 
data must first be tested for normality. Shapiro-Wilk assesses the distribution and 
directionality of data to determine if parametric or non-parametric methods are 
required for further analysis. Aligning with standards set within academic literature, 
the arbitrary significance level α=0.05 is assumed for these tests (Ruth 2010: 33).   
Mann-Whitney  Non-parametric test designed to assess whether two samples originate from the 
same population (Gold 2007). More specifically, the test is used to determine the 
differences in medians between two distributions, but can also be used to assess 
differences in shape and spread of data (Hart 2001). These tests will also assume the 
arbitrary significance level of α=0.05 (Ruth 2010: 33).   
Kruskal-Wallis Non-parametric test designed to determine if two or more samples come from the 
same distribution (Baxter 2003; Dalgaard 2008; Ruxton and Beauchamp 2008). 
Does not assume normality, but does assume the same shape/directionality of 
distribution. Bonferroni correction is applied to the set significance level of α=0.05 
to help control type 1 errors (Baxter 2003; Dalgaard 2008). In this situation, the new 
significance level is achieved by dividing α=0.05 by the number of tests performed. 
Type 1 errors are those errors which occur when the null hypothesis is wrongly 
rejected (Baxter 2003; Dalgaard 2008). Where a difference is detected, post-hoc 
Mann-Whitney Pairwise comparisons are used to determine the origin of the 
difference/s (Baxter 2003; Dalgaard 2008).  
Spearman’s Rho Non-parametric test designed to measure the relationship between two variables 
(Dalgaard 2008). Spearman’s rho is based on an ordinal scale and does not assume 
normality of data distribution. Additionally, the method is less sensitive to outliers 
in data (Dalgaard 2008). Again, this method assumes the arbitrary significance level 
of α=0.05 (Ruth 2010: 33).   
Chi-Square Test Test designed to assess whether data that has been assigned to two categorical 
variables are independent from one another (Urdan 2012). Again assuming the 
arbitrary significance level of α=0.05 (Ruth 2010: 33).   
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For analytical purposes, statistical testing was conducted in two phases. The first phase 
of statistical analysis deals explicitly with data provided by the modern reference 
collection and CT scan data-subset. Table 15 provides a brief summary of the central 
research question and hypothesis as well as the statistical tests employed to answer 
these questions.  
 
Table 15: Statistical Analysis Employed in Phase 1 
Hypothesis Statistical Test 
Point of Measurement: 
On what part of a bone should cortical bone 
thickness measurements be taken? 
 Shapiro-Wilk Test 
 Spearman’s Rho Test 
 Mann-Whitney U Test  
 Kruskal-Wallis Test  
Skeletal Element Type 
Is there a difference in cortical bone thickness 
between the forelimb and hindlimb? 
 Shapiro-Wilk Test 
 Mann-Whitney U Test  
 
Skeletal Element  
Is cortical bone thickness greater in one element 
or are all elements statistically similar? 
 Shapiro-Wilk Test 
 Mann-Whitney U Test 
 Kruskal-Wallis Test 
Locomotive Mechanism 
Is there a difference in cortical bone thickness 
detected across different locomotive groups? 
  Shapiro-Wilk Test 
 Mann-Whitney U Test  
 
Body Size 
Does cortical bone thickness share a statistically 
significant relationship with body size? 
 Shapiro-Wilk Test 
 Spearman’s Rho Test 
 
Body Size Classes 
Are there naturally occurring and statistically 
significant body size classes in Australian fauna? 
 Shapiro-Wilk Test 
 Spearman’s Rho Test 
 Mann-Whitney U Test  
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The intra-species statistical analysis also forms part of the first phase of analysis 
and utilised data from Phascolarctos cinereus (Koala) specimens. Constituting the 
largest species represented within the modern reference collection sample, statistical 
analysis will focus on examining the role of age, biological sex and health disease and 
nutrition as well as provenience (Table 16). 
Table 16: Intra-Species Statistical Analysis 
Hypothesis Statistical Test 
Age: 
Does age of a specimen influence cortical bone 
thickness? 
 Shapiro-Wilk Test 
 Mann-Whitney U Test  
 Spearman’s Rho Test 
Biological Sex: 
Does sexual dimorphism extend to form a 
difference in cortical bone thickness 
  Shapiro-Wilk Test 
 Mann-Whitney U Test  
 
Health, Disease and Nutrition: 
Can level of health/presence of disease and poor 
nutrition be expressed in cortical bone 
thickness? 
 Shapiro-Wilk Test 
 Kruskal-Wallis Test 
Provenience: 
Is there a difference in cortical bone thickness 
between specimens from different regions? 
 Shapiro-Wilk Test 
 Mann-Whitney U Test  
 
 
The second phase of statistical analysis focused explicitly on the data obtained 
from analysis of the Bushrangers Cave faunal assemblage. This phase of statistical 
analysis demonstrated the differences between qualitative assessments and 
quantitative assessments of body size based on cortical bone thickness (Table 17). 
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Table 17: Bushrangers Cave Statistical Analysis 
Hypothesis Statistical Test 
Grid Square H91 
Is there a change in faunal body size exploitation 
through time? 
 Chi-Squared Test 
Grid Square H92 
Is there a change in faunal body size exploitation 
through time? 
 Chi-Squared Test 
Grid Square H94 
Is there a change in faunal body size exploitation 
through time? 
 Chi-Squared Test 
 
3.6 Summary 
The theoretical and methodological framework of this thesis has been designed 
to increase the amount of data attainable from otherwise taxonomically unidentifiable 
shaft fragments. The structure of this investigation promotes a more standardised 
approach to zooarchaeological analysis, and more specifically to the analysis of 
fragmentary remains. As such, the methods outlined in this thesis fulfil an essential step 
forward for zooarchaeological analysis by facilitating the generation more comparable 
and replicable datasets.  
 
 
 
 
 
64 | P a g e  
 
Chapter 4: Results and Analysis 
 
4.1 Introduction 
This chapter presents the results and analysis of the modern faunal reference 
collection, inclusive of the CT scan dataset, and the results of the Bushrangers Cave 
fragmented faunal assemblage. The analysis begins with an examination of the modern 
faunal reference collection. During this examination, the best point of measurement for 
cortical bone thickness is established. Further analysis is conducted to determine the 
differences in cortical bone thickness amid different element types, between different 
skeletal elements and across different locomotive methods. The second phase of 
analysis will concentrate on inter-family and intra-species variations, concentrating on 
the family Macropodidae and the species Phascolarctos cinereus (koala) respectively. An 
assessment of the relationship between cortical bone thickness and body size will then 
be conducted.  The final stage of statistical analysis will use body size classes 
established during the course of this chapter to analyse fragmented remains from 
Bushrangers Cave. The results of quantitative and qualitative size class designations will 
then be compared.  
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4.2 Analysis of the Modern Faunal Reference Collection and CAT scan Datasets 
The modern faunal reference collection consisted of a total of 290 specimens 
from 91 individuals, comprising of sixteen different species from seven different 
scientific families (Figure 6).  
 
 
 
 
 
 
 
 
 
 
Figure 6: Graphical representation of the species representation within the modern faunal 
reference collection, inclusive of CT scan data-subset 
 
The 290 skeletal element specimens comprised 148 hindlimb specimens and 142 
forelimb specimens (Figure 7). Because the methodology for measuring cortical bone 
thickness involved up to five measurements around the circumference of the bone at 
the measurement site, this data set was condensed to mean cortical bone thickness 
measurement and standard deviation for each measurement site for each specimen 
(Refer Appendix 6). The treatment of data in this manner has facilitated the quest to 
answer the central hypothesis (Table 18). 
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Table 18: Central Null and Alternative Hypothesis 
H0 There is no statistically significant relationship between cortical bone 
thickness and live body weight 
H1 There is a statistically significant and positively correlated 
relationship between cortical bone thickness and live body weight. 
 
Before this hypothesis can be assessed, it is important to first determine the most 
appropriate point of measurement across different bone portions. This is to ensure that 
measurements taken on different long bone shaft fragments, which could theoretically 
come from any portion of the shaft, all provide equally representative measures of 
cortical bone thickness.  
 
 
 
 
 
 
 
 
 
Figure 7: Graphical Representation of the Breakdown of Skeletal Elements Comprising the Modern 
Faunal Reference Collection and CAT scan Datasets 
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4.2.1 Skeletal Element Potion 
Crocker et al (2009) justified the measurement of cortical bone thickness at the 
midshaft point based on the observed increase in cortical bone thickness with increased 
distance from the proximal and distal bone ends.  This observation has not as yet been 
quantified for Australian faunal species. If measurements of cortical bone thickness are 
to be used in archaeological analysis it is first essential to determine if there is a 
difference in cortical bone thickness at different points of measurement along the length 
of the bone. Because the presence of spongy bone in mammalian long bones is 
concentrated at proximal and distal bone ends (Figure 8), the presence and/or absence 
of spongy bone provides a basic orientation to where a fragment may have originated. 
Assuming the observation that cortical bone thickness increases with distance from 
proximal and distal bone ends (Crocker et al 2009), the Midshaft will be assigned the 
highest numerical distance interval of 3, and decrease towards the ends of the bone 
(Figure 8). 
 
Figure 8: A Photograph of a Macropus parryi Tibia with Illustrations of Bone Measurement 
Portions and Distance from Bone End Locations 
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It must be reiterated here that this is not an absolute measurement, but a 
proportion of the entire skeletal specimen. The point of measurement will scale in 
proportion to bone size, so that the relative point of measurement would be the same, 
for example, on the midshaft of a possum long bone or a kangaroo long bone. Because 
they are incrementally closer to the ends, the Proximal-Midshaft and Midshaft-Distal 
measurement points are given a distance interval of 2, while the Proximal and Distal 
measurement points, being closest to the bone ends, are given a distance interval of 1 
(Figure 8).  
Figure 9: Distribution of Data for the Modern Reference Collection by Distance Interval 
 
Figure 9 illustrates the right skewed distribution of data for each distance 
interval (Table 19). Spearman’s Rho (Table 19) indicates that there is a weakly positive 
but highly significant correlation between cortical bone thickness and distance from 
bone end at α =0.05, indicating that cortical bone thickness deceases toward bone ends 
(Table 19). Figure 10 illustrates the differences in distance interval data distribution. 
Tests confirm that distance interval 1 follows a different distribution than distance 
intervals 2 and 3 between distance intervals (Table 19). 
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Figure 10: Cortical Bone Thickness Data Distribution by Distance Interval 
 
A summary of analysis for skeletal element portion has been provided in Table 19. 
Table 19: Summary of Tests and Results for Skeletal Element Potion Tests 
Test Result 
Shapiro-Wilk:  
Normality Test 
Distance Interval 1: W=0.921, p<0.0001 
Distance Interval 2: W=0.9814, p<0.0001 
Distance Interval 3: W=0.9184, p<0.0001 
Spearman’s Rho:  
Correlation between cortical bone thickness 
and distance from bone end 
 
Rs=0.1570, p<0.0001 
Kruskal-Wallis: 
Differences in Distribution between distance 
intervals 
 
Hc(tie corrected)= 34.69, p<0.0001 
 
Mann-Whitney Pairwise: 
Test for location of differences between 
distance intervals 
Distance 1 vs. Distance 2:  
Distance 1: U<0.0001,p<0.0001 
Distance 2: Monte Carlo p<0.0001 
Distance 1 vs. Distance 3:  
Distance 1: U<0.0001,p<0.0001 
Distance 3: Monte Carlo p<0.0001 
Distance 2 vs. Distance 3:  
Distance 2: U<0.0001, p=0.2607 
Distance 3: Monte Carlo p=0.0869 
Outcome: 
Measurements from Distance Intervals 2 and 3 can be used for further analysis as these 
measurements are not distinguishable from one another, both sharing a significantly greater 
cortical bone thickness measurement than distance interval 1 measurements.  
Refer to Appendix 8 for more extensive analysis summary for this section 
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4.2.2 Element Location: Forelimb vs. Hindlimb 
Unidentifiable shaft fragments within zooarchaeological assemblages can 
originate from four major long bones. The differences in cortical bone thickness 
between forelimb and hindlimb must now be assessed. Figure 11 illustrates that 
forelimb and hindlimb data are right skewed (Table 20). 
 
 
 
 
 
 
Figure 11: A Comparison of the Data Distribution for Forelimb and Hindlimb Data Groups 
 
Figure 12 further demonstrates the differences in cortical bone thickness data 
distribution between the forelimb and hindlimb.  
 
 
 
 
 
 
 
 
Figure 12: Cortical Bone Thickness Data Distribution for the Forelimb and Hindlimb 
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Subsequent non-parametric testing confirmed the suspected result that there 
was a significant difference between forelimb and hindlimb data (Table 20). The 
implications of this will be discussed in chapter 5. 
Table 20: Summary of Tests and Results for Element Type 
Test Result 
Shapiro-Wilk: 
Test for data normality 
Forelimb: W=0.9713, p<0.0001 
Hindlimb: W=0.9404, p<0.0001 
Mann-Whitney: 
Test for differences between forelimb 
and hindlimb 
Forelimb: U=3.942E04, p<0.0001 
Hindlimb: Monte Carlo p<0.0001 
Outcome: 
Based on measurements of the modern faunal reference collection, the hindlimb has a 
greater cortical bone thickness than the forelimb. 
Refer to Appendix 9 for more extensive analysis summary for this section 
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4.2.3 Skeletal Elements 
 Forelimb Skeletal Elements 
It is important to examine differences in cortical bone thickness between 
elements to determine if all elements follow the same allometric scaling (Cooper and 
Steppan 2010; Lyman 1994; Lyman 2008).  
 
 
 
 
 
 
 
 
 
Figure 13: Data Distribution for Forelimb Skeletal Elements from the Modern Faunal Reference 
Collection 
 
Figure 13 demonstrated that data for forelimb elements are all right skewed 
(Table 21), while  Figure 14 illustrates distributions of data  for each element. Kruskal-
Wallis confirms that there is a difference in the distribution of forelimb data (Table 21).  
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Figure 14: A Graphical Illustration of the Differences in Data Distribution for the Humerus, Radius 
and Ulna 
 
Further testsing revealed that the humerus was the source of this difference 
(Table 21), and will be further discussed in Chapter 5.  
 
Table 21: Summary of Tests and Results for Forelimb Elements 
Test Result 
Shapiro-Wilk: 
Test for data normality 
Humerus: W=0.9586, p<0.0001 
Radius: W=0.9719, p=0.0060 
Ulna: W=0.9752, p=0.0102 
Kruskal-Wallis: 
Test for difference in data distribution 
between forelimb skeletal elements 
 
 
Hc(tie corrected)=18.36, p<0.0001 
Mann-Whitney Pairwise: 
Test for location of differences between 
humerus, radius and ulna 
Humerus vs. Radius: p=0.0030/p=0.0091 
Humerus vs. Ulna: p<0.0001/p=0.0003 
Radius vs. Ulna: p=0.1791/p=0.0597 
Outcome: 
Based on measurements of the modern faunal reference collection, there is no significant 
difference in the cortical bone thickness of the Ulna and Radius. The Humerus however has the 
greatest cortical bone thickness of all forelimb skeletal elements. 
Refer to Appendix 10 for more extensive analysis summary for this section 
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Hindlimb Skeletal Elements 
The distribution of data for both the femur and tibia are right skewed, as 
illustrated by Figure 15.  
 
 
 
 
 
 
 
Figure 15: The Data Distribution for Hindlimb Skeletal Elements from the Modern Faunal 
Reference Collection 
 
Figure 16 indicates that the tibia appears to have a greater cortical bone 
thickness. Further testing 
revealed however that at a 
significance level of α = 0.05, 
there are no significant 
differences between tibia and 
femur data distributions 
(Table 22). 
 
Figure 16: A Graphical Illustration of the Differences in Data Distribution for the Femur and Tibia 
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A summary of the results and implications are listed in Table 22 to be further 
discussed in Chapter 5. 
 
Table 22: Summary of Tests and Results for Hindlimb Skeletal Elements 
Test Result 
Shapiro-Wilk: 
Test for data normality 
Femur: W=0.9149, p<0.0001 
Tibia: W=0.9506, p<0.0001 
Mann-Whitney  
Test for differences in distribution between 
femur and tibia 
Femur: U=1.17E04, p=0.0557 
Tibia: Monte Carlo p=0.0584 
  Outcome: 
Based on measurements of the modern faunal reference collection, there are no significant 
differences in the cortical bone thickness of the Femur and Tibia.  
Refer to Appendix 10 for more extensive analysis summary for this section 
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4.2.4 Locomotive Mechanism  
The Australian faunas comprising the modern reference collection fall into three 
locomotive groups: Arboreal Climbers, Ground Crawlers and Hoppers. For the purposes, 
these locomotive groups have been simplified to Biped and Quadruped data groups. 
Biped Data Group 
Figure 17 illustrates that the biped data for forelimb and hindlimb are both non-
parametric and right skewed (Table 23). 
  
 
 
 
Figure 17: Data Distribution for the Forelimb and Hindlimb of the Biped Data Group 
 
The differences between 
forelimb and hindlimb distribution is 
further highlighted in Figure 18. 
Mann-Whitney tests confirm that the 
biped hindlimbs are significantly 
greater in cortical bone thickness 
compared to the forelimb (Table 23). 
Figure 18: A Graphical Illustration of the Differences in Data Distribution for the Biped Forelimb 
and Hindlimb 
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Quadruped Data Group 
It is important to assess if the pattern of greater cortical bone thickness of the 
hindlimb compared to the forelimb is also detected in quadrupeds, or if this trend is 
isolated to bipeds. Figure 19 illustrates that where the forelimb is normally distributed, 
the hindlimb is right skewed and therefore non-parametric (Table 23). 
  
 
 
 
 
 
Figure 19: Data Distribution for the Forelimb and Hindlimb of the Quadruped Data Group 
 
Figure 20Figure 20 suggests that a similar pattern detected in the biped data is 
also present in quadruped data. 
Mann-Whitney tests confirm that 
there is a difference between 
quadruped forelimb and hindlimb, 
where the hindlimb has a greater 
cortical bone thickness (Table 23). 
 
Figure 20: A Graphical Illustration of the Differences in Data Distribution for the Quadruped 
Forelimb and Hindlimb 
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 A summary of results for this section have been provided in Table 23, to be 
further discussed in Chapter 5.  
Table 23: Summary of Tests and Results for Locomotive Groups 
 
 
 
 
 
  
Test Result 
Biped Shapiro-Wilk: 
Test for biped forelimb and hindlimb data 
normality 
Biped Forelimb: W= 0.8927, p=0.0034 
Biped Hindlimb: W=0.8926, p=0.0000 
Biped Mann-Whitney:  
Test for differences in distribution between 
biped forelimb and hindlimb 
Biped Forelimb: U=406, p<0.0001 
Biped Hindlimb: Monte Carlo p<0.0001 
Quadruped Shapiro-Wilk: 
Test for quadruped forelimb and hindlimb 
data normality 
Quadruped Forelimb: W=0.9953, p=0.3644 
Quadruped Hindlimb: W=0.9872, p=0.0168 
Quadruped Mann-Whitney:  
Test for differences in distribution between 
quadruped forelimb and hindlimb 
Quadruped Forelimb: U=3.102E04, p<0.0001 
Quadruped Hindlimb: Monte Carlo p=0.0001 
Outcome: 
Based on measurements of the modern faunal reference collection, cortical bone thickness is 
greater for the hindlimb compared to the forelimb for both bipedal and quadrupedal locomotors 
Refer to Appendix 11 for more extensive analysis summary for this section 
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 Biped vs. Quadruped Data Group  
Given the differences in data distribution for bipeds (Figure 17) and quadrupeds 
(Figure 19), a series of Mann-Whitney tests were conducted (Table 24). Figure 21 
suggests that a clear difference between quadruped and biped data groups is expected.  
 
Figure 21: A Graphical Illustration of the Differences in Data Distribution of the Forelimb and 
Hindlimb for both Bipeds and Quadrupeds 
 
There were no significant differences between the quadruped forelimb and 
biped forelimb (Table 24). In contrast, there is a significant difference between 
quadruped and biped hindlimb (Table 24). Because of the differences in actual size of 
each group, body size must now be examined.  
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Table 24: Summary of Tests and Results for Locomotive Groups 
Test Result 
Biped vs. Quadruped Forelimb 
Shapiro Wilk: 
Test for quadruped and biped 
forelimb data normality. 
Biped Forelimb: W= 0.8927, p=0.0034 
Quadruped Forelimb: W=0.9953, p=0.3644 
Biped vs. Quadruped Forelimb 
Mann-Whitney: 
Test for differences in distribution 
between the quadruped and biped 
forelimb. 
Biped Forelimb: U=5314, p=0.3521 
Quadruped Forelimb: Monte Carlo p=0.3472 
Biped vs. Quadruped hindlimb 
Shapiro Wilk: 
Test for quadruped and biped 
hindlimb data normality. 
Biped Hindlimb: W=0.8926, p=0.0001 
Quadruped Hindlimb: W=0.9872, p=0.0168 
Biped vs. Quadruped Hindlimb 
Mann-Whitney: 
Test for differences in distribution 
between the quadruped and biped 
hindlimb. 
Biped Hindlimb: Monte Carlo p<0.0001 
Quadruped Hindlimb: U=3413, p(same)=2.667E-17 
 
Outcome:  
Based on measurements of the modern faunal reference collection, there are no significant 
differences between biped and quadruped forelimbs. In contrast, biped hindlimbs have a 
greater cortical bone thickness compared to quadruped hindlimbs. 
Refer to Appendix 11 for more extensive analysis summary for this section 
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4.2.5 Body Size  
This relationship between cortical bones thickness and live body weight is an 
assumption based on qualitative observation. This section will pursue a statistical 
analysis of the relationship between cortical bone thickness and body weight for a 
sample of Australian fauna. 
Complete Reference Collection 
Figure 22 shows that both cortical bone thickness and live body weight data are 
right skewed (Table 25).  
 
Figure 22: Data Distribution for Cortical Bone Thickness and Live Body Weight Values for the 
Modern Reference Collection with Shapiro-Wilk Normality Test Results 
 
Spearman’s Rho (Table 25) illustrated in Figure 23 shows that there is a highly 
significant and strongly positive correlation between cortical bone thickness and body 
size (Table 25). Because the weight range for the modern reference collection is so vast, 
data have been log transformed to better illustrate the trends in data.  
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Figure 23: The Relationship between Cortical Bone Thickness and Live Body Weight for the 
Modern Reference Collection 
 
Table 25: Summary of Tests and Results for Complete Reference Collection 
Test Result 
Complete Reference Collection Shapiro 
Wilk: 
Test cortical bone thickness and live body 
weight data for normality 
Cortical Bone Thickness: W=0.9152, p<0.0001 
Live Body Weight: W=0.4761, p<0.0001 
Complete Reference Collection 
Spearman’s Rho: 
Test for the significance between cortical 
bone thickness and live body weight for the 
Australian modern reference collection 
 
Rs=0.7061, p<0.0001 
Outcome: 
There is a significant and strongly positive correlation between cortical bone thickness and body 
size for the modern Australian faunal assemblage 
Refer to Appendix 12 for more extensive analysis summary for this section 
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Forelimb Skeletal Elements 
Both cortical bone thickness and live body weight data shown in Figure 24 are all 
right skewed and non-parametric (Table 26). 
Figure 24: Cortical Bone Thickness and Live Body Weight Data Distribution for the Humerus, 
Radius and Ulna with Shapiro Wilk Normality Test Results 
Figure 25 illustrates a significant and positively correlated relationship between 
cortical bone thickness and live body weight for the humerus, ulna and femur (Table 
26).  
Figure 25: The Cortical Bone Thickness of the Humerus, Radius and Ulna in relation to Live Body 
Weight of Faunas in the Modern Reference Collection 
Humerus: Rs=0.8034, p<0.0001 
Radius: Rs=0.8205, p<0.0001 
Ulna: Rs=0.7171, p<0.0001 
 
84 | P a g e  
 
-1.50
-1.00
-0.50
0.00
0.50
1.00
1.50
2.00
2.50
-0.600 -0.400 -0.200 0.000 0.200 0.400 0.600 0.800 1.000
Lo
gg
e
d
 L
iv
e
 B
o
d
y 
W
e
ig
h
t 
Logged Cortical Bone Thickness 
The Cortical Bone Thickness of the Femur and Tibia in relation to Live Body 
Weight of the Faunas in the Modern Reference Collection 
Tibia Femur Tibia Femur
Hindlimb Skeletal Elements 
As illustrated in Figure 26, cortical bone thickness and live body weight data for 
the femur and tibia are all non-parametric and right skewed (Table 26).  
Figure 26: Cortical Bone Thickness and Live Body Weight Data Distribution for the Femur and 
Tibia with Shapiro-Wilk Normality Test Results 
Spearman’s Rho indicates that there is a very significant positive correlation 
between cortical bone thickness and live body weight in both the femur and tibia at 
α=0.05 (Table 26). This relationship is further illustrated in Figure 27.  
Figure 27: The Cortical Bone Thickness of the Femur and Tibia in relation to Live Body Weight of 
the Faunas in the Modern Reference Collection 
Femur: Rs=0.7377, p<0.0001 
Tibia: Rs=0.8117, p<0.0001 
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It should be noted that the Tibia outliers below the 0.400 axis marker represent an 
adult P. cinereus. This individual was extremely below normal body weight at time of 
death due to contraction of a chlamydial infection, and is not representative of the 
broader pattern displayed in Figure 27. 
 
Table 26: Summary of Tests and Results for Forelimb and Hindlimb Skeletal Elements 
Tests Results 
Forelimb Cortical Bone Thickness Shapiro 
Wilk; 
Test for forelimb element cortical bone 
thickness data normality. 
Humerus: W=0.9593, p=0.0005 
Radius: W=0.9702, p=0.0069 
Ulna: W=0.9747, p=0.0145 
Forelimb Live Body Weight Shapiro Wilk:  
Test for forelimb element live body weight 
data normality. 
Humerus: W=0.3745, p<0.0001 
Radius: W=0.3734, p<0.0001 
Ulna: W=0.3745, p<0.0001 
Spearman’s Rho: 
Test for a correlation between forelimb 
element cortical bone thickness and live body 
weight.  
Humerus: Rs=0.8034, p<0.0001 
Radius: Rs=0.8205, p<0.0001 
Ulna: Rs=0.7171, p<0.0001 
Hindlimb Cortical Bone Thickness Shapiro-
Wilk:  
Test hindlimb element cortical bone thickness 
data for normality 
Femur: W=0.8857, p<0.0001 
Tibia: W=0.9526, p<0.0001 
 
Hindlimb Live Body Weight Shapiro Wilk:  
Test for hindlimb element live body weight 
data normality. 
Femur: W=0.4712, p<0.0001 
Tibia: W=0.6031, p<0.0001 
Spearman’s Rho: 
Test for a correlation between hindlimb 
element cortical bone thickness and live body 
weight. 
Femur: Rs=0.7377, p<0.0001 
Tibia: Rs=0.8117, p<0.0001 
Outcome: 
Based on measurements from the modern faunal reference collection, there is a strong positive 
correlation between cortical bone thickness and all forelimb and hindlimb skeletal elements.  
Refer to Appendix 12 for more extensive analysis summary for this section 
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This section of analysis examines the relationship between cortical bone 
thickness of the forelimb and hindlimb and body weight for bipeds, all of which are not 
normally distributed (Figure 28). 
 
Figure 28: Cortical Bone Thickness and Live Body Weight Data Distribution for the Biped Forelimb 
and Hindlimb with Shapiro-Wilk Normality Test Results 
Spearman’s Rho illustrated in Figure 29 shows that there is a strong positive 
correlation between cortical bone thickness and live body weight for the biped forelimb 
and hindlimb (Table 27). A summary of the results for this section is listed in Table 27.  
Figure 29: The Relationship between Cortical Bone Thickness of the Forelimb and Hindlimb and 
Body Weight for the Biped Data Group 
Biped Forelimb: Rs=0.8476, p<0.0001 
Biped Hindlimb: Rs=0.8528, p<0.0001 
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Locomotive Method: Quadruped Forelimb and Hindlimb 
This section of analysis will examine the relationship between cortical bone 
thickness of the forelimb and hindlimb and body weight for quadrupedal locomotors 
(Figure 30). 
 
 
 
 
 
 
 
Figure 30: Cortical Bone Thickness and Live Body Weight Data Distribution for the Biped Forelimb 
and Hindlimb with Shapiro-Wilk Normality Test Results 
As demonstrated in Figure 31 there is a significantly positive correlation 
between cortical bone thickness and live body weight for both the quadruped forelimb 
and hindlimb data groups (Table 27). 
Figure 31: The Relationship between Cortical Bone Thickness of the Forelimb and Hindlimb and 
Body Weight for the Biped Data Group 
Quadruped Forelimb: Rs=0.7247, p<0.0001 
Quadruped Hindlimb: Rs=0.5952, p<0.0001 
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Table 27: Summary of Tests and Results for Cortical Bone Thickness and Body Size Analysis for 
Locomotive Groups 
 
 
 
 
Tests Results 
Biped Cortical Bone Thickness Shapiro-
Wilk:  
Test biped forelimb and hindlimb cortical 
bone thickness data for normality 
Biped Forelimb: W=0.8927, p=0.0034 
Biped Hindlimb: W=0.8926, p<0.0001 
Biped Live Body Weight Shapiro-Wilk: 
Test biped forelimb and hindlimb live body 
weight data for normality 
Biped Forelimb: W=0.769, p<0.0001 
Biped Hindlimb: W=0.8806, p<0.0001 
Biped Spearman’s Rho: 
Test for a correlation between cortical bone 
thickness and live body weight for the biped 
forelimb and hindlimb. 
Biped Forelimb: Rs=0.8476, p<0.0001 
Biped Hindlimb: Rs=0.8528, p<0.0001 
Quadruped Cortical Bone Thickness 
Shapiro-Wilk:  
Test quadruped forelimb and hindlimb 
cortical bone thickness data for normality 
Quadruped Forelimb: W=0.9953, p=0.3644 
Quadruped Hindlimb: W=0.9872, p=0.0168 
 
Quadruped Live Body Weight Shapiro-
Wilk:  
Test quadruped forelimb and hindlimb live 
body weight data for normality 
Quadruped Forelimb: W=0.9399, p<0.001 
Quadruped Hindlimb: W=0.9368, p<0.0001 
 
Spearman’s Rho: 
Test for a correlation between cortical bone 
thickness and live body weight for the 
quadruped forelimb and hindlimb. 
Quadruped Forelimb: Rs=0.7247, p<0.0001 
Quadruped Hindlimb: Rs=0.5952, p<0.0001 
 
Outcome: 
Based on measurements from the modern reference collection, there is a positive correlation 
between cortical bone thickness and live body weight for biped and quadruped locomotors. 
However, this relationship does appear to be slightly stronger in bipeds.  
Refer to Appendix 12 for more extensive analysis summary for this section 
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4.2.6 Summary 
Previous analyses have demonstrated that both method of locomotion and limb 
element type impact the ability the ability to estimate live body weight based on cortical 
bone thickness (Table 27).   Figure 32 displays the Spearman’s correlation for both the 
forelimb and hindlimb for the biped and quadruped data groups. The positive 
correlations between cortical bone thickness and body size for each data group suggest 
that body size can be estimated from a measurement of cortical bone thickness. 
However, before size classes can be established it is important to examine other sources 
of variability which may impact the relationship between cortical bone thickness and 
live body weight.   
 Figure 32: Correlation between Cortical Bone Thickness and Live Body Weight for the Quadruped 
and Biped Forelimb and Hindlimb Data Groups 
Biped Forelimb: Rs=0.8476, p<0.0001 
Biped Hindlimb: Rs=0.8528, p<0.0001 
Quadruped Forelimb: Rs=0.7247, p<0.0001 
Quadruped Hindlimb: W=0.9872, p=0.0168 
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4.3 Intra-Species Analysis: Phascolarctos cinereus (Koala) Case Study 
Now that it has been established that there is a statistically significant and 
quantifiable relationship between cortical bone thickness and live body weight in 
Australian faunas, it is important to explore the areas of differentiation and overlap in 
data. As the most prevalent species within the modern reference collection, P. cinereus 
(Koala) specimens will be used to determine how ontogeny, biological sex, health and 
disease and provenience influence cortical bone thickness.  
4.3.1 Ontogeny 
It has been accepted in the literature that ontogenetic age will influence the 
thickness of cortical bone where cortical bone increases with the onset of age from 
juvenile to adult (Crocker et al 2009; Currey and Alexander 1985; Currey 2011; Horton 
1978; Ladds 2004; Safadi 2009; Reitz and Wing 2008).  Figure 33 shows that P. cinereus 
juvenile data are left skewed, while adult data are right skewed and the sub-adult data 
are normally distributed.  Further testing indicated significant differences between data 
groups (Table 28).  
 
 
 
 
 
 
Figure 33: Cortical Bone Thickness Data Distribution for Phascolarctos cinereus in Relation to 
Ontogenetic Age
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Figure 34: Cortical Bone Data Distribution for Phascolarctos cinereus Ontogenetic Age Data Groups 
 
Figure 34 demonstrates the differences in distribution between age groups. 
Spearman’s Rho found that there was a weak but significant positive correlation 
between cortical bone thickness and ontogenetic age (Table 28). A summary is provided 
in Table 28. 
Table 28: A summary of Hypotheses, Tests, Results and Implications for Intra-Species Ontogeny 
Analysis 
Tests Results 
Ontogeny Shapiro-Wilk : 
Test juvenile, sub-adult and adult data for 
normality 
Juvenile: W=0.8723, p0.0033 
Sub-Adult: W=0.9506, p=0.1759 
Adult: W=0.9506, p=0.0001 
Ontogeny Mann-Whitney: 
Test for differences in data between juvenile, 
sub-adult and adult datasets. 
Juvenile vs. Sub-Adult: p<0.0001/p<0.001 
Sub-Adult vs. Adult: p<0.0001/p<0.0001 
Adult vs. Juvenile: p<0.0001/p<0.0001 
Ontogeny Spearman’s Rho: 
Test for a correlation between ontogenetic age 
and cortical bone thickness. 
 
Rs=0.48416, p<0.0001 
Outcome: 
Based on measurements of P. cinereus, cortical bone thickness increases with ontogenetic age. 
Refer to Appendix 13 for more extensive analysis summary for this section 
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4.3.2 Sexual Dimorphism 
 Sexual dimorphism has been documented in the P.cinereus species (Moyal 2008), 
it is therefore essential to assess in differences of cortical bone thickness between male 
and female specimens will impact the implementation of body size classes. 
Figure 35: Female and Male Cortical Bone Thickness Data Distribution for Phascolarctos cinereus 
Specimens 
 
Figure 35 demonstrates that male data is normally distributed while female data is right 
skewed (Table 29). Mann-
Whitney tests confirm that 
there is a significant 
difference between data 
groups, which is further 
illustrated in Figure 36 
(Table 29).  
 
Figure 36: A Comparison of Cortical bone Thickness Data Distribution for Female and Male 
Phascolarctos cinereus Data Groups 
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A summary of results has been provided in Table 29 and will be further 
discussed in chapter 5.  
 
Table 29: A summary of Hypotheses, Tests, Results and Implications for Intra-Species Sexual 
Dimorphism Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tests Results 
Shapiro-Wilk:  
Test female and male data for normality 
Female: W=0.9757, p=0.0005 
Male: W=0.989, p=0.1262 
Mann-Whitney: 
Test for differences in distribution between 
female and male data groups. 
Male: U=<0.001, p=0.0002 
Female: Monte Carlo p<0.0001 
Outcome: 
Based on measurements from P. cinereus, sexual dimorphism will impact cortical bone 
thickness, with males having a thicker cortical bone than their female counterparts. 
Refer to Appendix 13  for more extensive analysis summary for this section 
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4.3.3 Health, Disease, and Nutrition 
Table 30 is a succinct list of the nutritional deficiencies and their corresponding 
effects on bone which may be influencing cortical bone thickness in Australian fauna.  
Table 30: Nutritional Deficiencies and Disease and their Corresponding Effects on Bone
Deficiency Manifestation 
Vitamin A and E Abnormal metabolism of bone building molecules resulting in 
differential bone growth and remodelling  
Vitamin D Abnormal bone development, calcification, osteoporosis 
Calcium/Phosphorus Nutritional secondary hyperparathyroidism leading to skeletal 
deformities such as bone fracturing, bowing, lack of rigidity, dentition 
loss and facial bone deformities.  
      (Informed by Carciofi and Saad 2008; Hume 2005) 
Unfortunately, most animals collected for this study did not come with complete 
life histories. It is unknown how these factors will affect the samples. However, 
Phascolarctos cinereus samples collected from the Moggill Koala Hospital did come with 
basic health information which will be used to the purposes of this investigation. In the 
Phascolarctos cinereus (koala) species, there are further diseases which have been 
documented frequently by wildlife specialists (Devereaux et al 2003; Hanger 1999; 
Hanger et al 2000; Loader 2010; MKH 2012 pers. comm.; Timms 2005), a list of which 
has been provided in  Table 31. 
Table 31: List of Diseases Specific to Phascolarctos cinereus (Koala) 
Disease Manifestation 
Chlamydiosis  Bacterial disease manifests with in a number of conditions including 
cystitis, urinary tract infection, incontinence, conjunctivitis, respiratory 
disease, weight loss, depression, dehydration 
Koala Retrovirus 
Associated 
Disease 
Neoplastic diseases which are argued to cause immunosuppressive 
disorders, leading to increased susceptibility to other diseases.  
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While a majority of the symptoms associated with the diseases presented in 
Table 31affect soft tissues (MKH 2012 pers. comm.), their ability to affect cortical bone 
thickness cannot be dismissed. While it is not expected that this thesis will be able to 
discern diseased individuals on the basis of a cortical bone thickness measurement, it is 
important to investigate if these diseases influence cortical bone thickness. Koala 
specimens obtained through the Moggill Koala Hospital (MKH 2012 pers. comm.) were 
given a unique body condition score. This score is used as an overall indication of the 
health of a specimen. For the purposes of this analysis, adult specimen measurements 
will be grouped by body condition score.   
Figure 37: Cortical Bone Thickness Data Distribution for Adult Phascolarctos cinereus Body Score 
Data Groups 
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Figure 37 shows that the majority of body score groups are normally distributed, 
with the exclusion of body score 4 which is slightly right skewed (Table 32). However, 
Figure 38 demonstrates that all groups follow a very similar distribution. Kruskal-Wallis 
confirms that at the Bonferroni adjusted significance level of α = 0.005, there are no 
significant differences detected between body score groups (Table 32). 
 
 
 
 
 
 
 
Figure 38: A Graphical Comparison of Cortical Bone Thickness Data Distribution across Different 
Body Score Data Groups 
 
This is further illustrated by Figure 38 which demonstrates that there is no 
discernible pattern of cortical bone thickness across the different body score data 
groups (Table 32). It should be noticed that this does not indicate that disease and 
nutritional deficiencies do not affect cortical bone thickness, but rather that the diseases 
and nutritional deficiencies for the Phascolarctos cinereus sample were not severe 
enough to cause significant deviations in cortical bone thickness. 
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Table 32: A summary of Hypotheses, Tests, Results and Implications for Intra-Species Health, 
Disease and Nutrition Analysis 
Tests Results 
Shapiro-Wilk:  
Test body Score groups for normality 
Body Score 1: W=0.9825, p=0.3097 
Body Score 2: W=0.9713, p=0.3214 
Body Score 3: W=0.9745, p=0.4173 
Body Score 4: W=0.9204, p=0.0003 
Body Score 5: W=0.9612, p=0.7129 
Body Score 6: W=0.9723, p=0.3504 
Body Score 7: W=0.9533, p=0.0676 
Body Score 8: W=0.9614, p=0.3371 
Body Score 9: W=0.9172, p=0.1749 
Body Score 10: W=0.9593, p=0.6809 
Kruskal-Wallis: 
Test for difference in data between body score 
groups. 
 
Hc(tie corrected)=11.32, p=0.2544 
 
Outcome: 
No discernible differences between body score groups. This is likely due to the fact that type of 
diseases present in this study mainly impact soft tissue. 
Refer to Appendix 13 for more extensive analysis summary for this section 
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4.3.4 Provenience 
Research suggests that there is a difference in body size of Australian faunas 
across different geographic regions (Martin and Handasyde 1995; 1999; Moyal 2008). 
For Phascolarctos cinereus, specimens from the south of the Australian continent are 
said to be larger than those from the north (Martin and Handasyde 1995; 1999; Moyal 
2008). This section of analysis will determine whether these differences are also 
detected within the cortical bone.  
 
Figure 39: Map of Location of Phascolarctos cinereus Specimens, image from Google maps, 
constructed through Google Earth software 
As illustrated in Figure 39, specimens can be divided into two distinct geographic 
regions: Inland and Coastal (Table 33). 
Table 33: Geographic Region Breakdown 
Region Location of Collected Specimens 
Coastal Birkdale, Bray Park, Burbank, Clontarf, Joyner, Kurwongbah, Lawnton, 
Petrie, Mount Cotton, Ormiston, Rochedale, Thornlands and Victoria Point 
Inland Clarendon, Esk, Grandchester, Hattonvale, Kingaroy, Lowood, Peak 
Crossing, Rosevale, Thagoona and Willowbank 
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Figure 40 illustrates that both Inland and Coast data groups are right skewed 
(Table 34). Further tests revealed that there are differences in data distribution 
between coastal and inland data groups (Table 34). 
 
 
 
 
 
 
 
 
 
Figure 40: Cortical Bone Thickness Distribution for Phascolarctos cinereus Geographic Region 
Data Groups 
 
Figure 41 further demonstrates the 
differences in data distribution. 
These differences are however 
minor, and may be a result of 
sample size rather than an actual 
difference in cortical bone 
thickness between these different 
regions (Table 34).    
Figure 41: A Graphical Comparison of Cortical Bone Thickness Data Distribution across Different 
Geographic Region Data Groups 
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A summary of results has been provided in Table 34 and will be further 
discussed in chapter 5.  
 
Table 34: A summary of Hypotheses, Tests, Results and Implications for Intra-Species Provenience 
Analysis 
Tests Results 
Shapiro-Wilk:  
Test body Score groups for normality 
Inland: W=0.9817, p=0.0019 
Coastal: W=0.9798, p0.02879 
 
Mann-Whitney: 
Test for determining difference in distribution 
between inland and coastal region datasets 
Inland: U=<0.0001, p=0.0004 
 
Coastal: Monte Carlo p=0.0003 
Refer to Appendix 12 for more extensive analysis summary for this section 
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4.3.5 Intra-Species Analysis Summary 
To summarise, the Intra-species study has revealed several interesting points for 
the use of body size classes. Firstly, there is a statistically significant difference in 
cortical bone thickness data distribution between different ontogenetic age groups for 
Phascolarctos cinereus (Koala) data. A similar pattern is likely to exist for other species 
as well (Lyman 1994). While this does suggest that juvenile and sub adult specimens 
may be assigned to different body size classes it is important to remember that body 
size classes are not aimed at taxonomic identification. They are rather structured to 
ascertain what body sizes are more or less abundant within any given assemblage.  
Furthermore, given the relative density of cortical bone thickness between 
juvenile, sub-adult and adult specimens (Lyman 1994) it is less likely that juvenile 
remains will survive taphonomic processes to be preserved within an archaeological 
assemblage. Secondly, sexual dimorphism is reflected in cortical bone thickness, with 
Male specimens being larger. The difference detected between male and female 
Phascolarctos cinereus specimens was statistically significant, which may result in male 
faunal species to be classed higher than females. This may however be an issue of sheer 
weight difference for some species. Thirdly, while disease and nutritional deficiencies 
have been documented in Australian faunas and more specifically within the 
Phascolarctos cinereus specimens, results for the impact of these factors on cortical bone 
thickness proved inconclusive. Provenience analysis for Phascolarctos cinereus 
illustrated that there was a difference in cortical bone thickness between coastal and 
inland specimens, though it is expected that this difference is probably more a result of 
sample size. With these findings in mind, body size classes can now be developed for 
Australian faunas.  
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4.4 Body Size Classes for Australian Fauna 
Because fragmentation of faunal remains has been documented in archaeological 
sites across Australia, the use of body size classes is sometimes imperative (See chapter 
2). However, there are no formally recognised body size class systems in Australia. 
Classes are instead regionally adaptable and used only sporadically. Because size 
classes are regionally adaptable, data are not comparable across regional boundaries. 
Furthermore, as demonstrated by Gobalet (2001), there will be discrepancies in 
designation specimens, even among experts when not using quantified data. To combat 
these factors, this thesis proposes the use of a six category body size class system for 
Australian faunas (Table 35). 
Table 35: Proposed Body Size Classes for Australian Faunas 
Size Class Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 
Weight 
Range 
0-1kg 1-4kg 4-8kg 8-25kg 25-45kg 45+ 
 
To demonstrate these classes, the modern faunal reference collection has been re-coded 
and graphed as size classes as log transformed data (Figure 43). The immediate issue 
illustrated by Figure 43 is that 
there is a degree of overlap 
between each of the proposed 
classes. This overlap, further 
demonstrated by Figure 42 was 
expected given the results of 
previous analysis. 
Figure 42: A Graphical Illustration of Cortical Bone Thickness Overlap between Body Size Classes 
for Australian Faunas
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Figure 43: The Distribution of Logged Data for the Modern Faunal Reference Collection as Body 
Size Classes
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Figure 42 and Figure 43 indicate that only classes immediately subsequent to 
and succeeding each other will display significant overlap substantial enough for 
median distribution to be statistically and significantly similar. Mann-Whitney tests 
(Table 36) confirm that all proposed body size classes are significantly different and can 
thus be utilised for further analysis of Bushrangers Cave.  
The proposed body size classes for Australian faunas were strategically based on 
patterns of faunal remains in Australian sites, and more specifically at Bushrangers cave 
(Kearney 1998). Morwood (1986; 1987) postulated that a broadening of the faunal 
resource base which saw a shift in exploitation from “large and medium marsupials to 
small bodied marsupials (Kearney1998:81) was indicative of resources stress as a 
result of population increase during the mid to late Holocene. Kearney (1998) argues 
that such patterns of exploitation are absent from Bushrangers cave, where a consistent 
suite of faunal species are evident throughout the entire cultural sequence. The body 
size classes proposed are structured to detect changes in body size exploitation at 
Bushrangers Cave to assess whether previous suggestions of a consistent pattern of site 
use throughout the Holocene are valid (Kearney 1998; Mowat 1988). It is expected from 
previous research that faunas from body size classes 2 and 3 should predominate the 
assemblage. 
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Table 36: A summary of Hypotheses, Tests, Results and Implications for Body Size Class Analysis 
 
 
 
 
 
Tests Results 
Shapiro-Wilk : 
Test body Score groups for normality 
Class 1 
CBT: W=0.8244, P<0.0001 
LBW: W=0.8345, P<0.001 
Class 2  
CBT: W=0.9789,  p=0.0086 
LBW: W=0.8567, p<0.0001 
Class 3 
CBT: W=0.9837, p=0.0003 
LBW: W=0.9227, p<0.0001 
Class 4  
CBT: W=0.9657, p=0.4939 
LBW: W=0.6262, p<0.0001 
Class 5  
CBT: W=0.9538, p=0.1377 
LBW: W=0.6702, p<0.0001 
Class 6  
CBT: W=0.9314, p=0.07469 
LBW: W=0.6884, p<0.0001 
Mann-Whitney: 
Determine differences between 
preceding and succeeding classes.  
Class 1 vs. Class 2: 
Class 1:  U=3213, p<0.0001 
Class 2: Monte Carlo p<0.0001 
 
Class 2 vs. Class 3: 
Class 2: U=<0.001, p<0.0001 
Class 3 Monte Carlo p<0.0001 
 
Class 3 vs. Class 4: 
Class 3: U=1509, p<0.0001 
Class 4: Monte Carlo p<0.0001 
 
Class 4 vs. Class 5: 
Class 4: U=261, p=0.0018 
Class 5: Monte Carlo p=0.0016 
 
Class 5 vs. Class 6: 
Class 5: U=304, p=0.01171 
Class 6: Monte Carlo p=0.0129 
Outcome: 
There is a significant difference in the median distribution between each of the proposed body 
size classes. While there is overlap, these preliminary classes can now be tested on an 
archaeological assemblage. 
Refer to Appendix 14 for more extensive analysis summary for this section 
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4.5 Bushrangers Cave Analysis 
The implications of this study are readily seen when the concept of body size 
classes is applied to the archaeological assemblage from Bushranger’s Cave. The 
analysis of fragmented remains from Bushrangers Cave was focused on three previously 
studied grid squares: H91; H92 and H94 (Figure 5; See also Mowat 1988; Kearney 
1998).  
Table 37: MNI Values for Grid Unit H91 and H92 Reported by Mowat (1988:30) and H94 MNI 
Values Reported by Kearney (1998) 
 
 
 
 
 
 
 
 
Both Kearney (1998) and Mowat (1988) indicate that a suite of faunas were 
exploited consistently throughout Bushrangers occupation. MNI values listed in Table 
37  indicate that the most predominant faunal species are possum and macropod 
species which inhabit rainforest-edge environments (Mowat 1988; Kearney 1989). The 
fragments of bushrangers cave were examined to determine if this trend was also 
present in the unidentifiable assemblage.  
Faunal Species H91 MNI 
(Mowat 1988) 
H92 MNI 
(Mowat 1988) 
H94 MNI 
(Kearney 1998) 
Early Late Early Late Entire Sequence 
Macropod 3 3 2 2 Red-Legged Pademelon 19 
Koala 1 0 1 0 Red-Necked Wallaby 27 
Pygmy Possum 0 1 - - Black-Striped Wallaby 12 
Possum 3 7 4 4 Red-Necked Wallaby 14 
Dasyurid - - 0 1 Koala 9 
Bandicoot 1 0 - - Brushtail Possum 25 
Rodent 5 3 3 6 Ringtail Possum 29 
Bird - - 0 1 Spotted-Tail Quoll 9 
Small Lizard 1 0 3 2 Long-Nosed Bandicoot 14 
Large Lizard - - 0 1 Greater Glider 10 
Fish - - 1 1 Fawn-Footed Melomys 11 
 Grassland Melomys  6 
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Due to extreme levels of fragmentation, post-depositional gnawing, digestion and 
weathering, analysis of unidentifiable fragments consisted of a total of 56 fragments 
from H91, 109 fragments from H92 and 143 fragments from H94. Figure 44 
demonstrates the initial size class designation (Table 13) of unidentifiable fragments 
from Bushrangers Cave. 
Figure 44: A Comparison of Initial Body Size Class Designation of Unidentifiable Fragments from 
H91, H92 and H94 
The order of analysis of the Bushrangers Cave assemblage began with H91 
followed by H92 and concluded with H94. The increase in not only the number of 
fragments identified, but also an increase in body size  may be indicative of an element 
of researcher bias, where increasing experience impacts analytical findings.  This idea is 
further demonstrated in Figure 45 which illustrates that the overlap between qualitative 
size class assessments decreases where level of experience increases. This observation 
has implications for the use of qualitative body size class methodologies, but will 
require further quantitative analysis to determine whether the extent of this bias is 
significantly impacting archaeological interpretation.  
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Figure 45: A Comparison of Body Size Class Assessment and Cortical Bone Thickness Measurement 
for Unidentifiable Fragments from H91, H92 and H94 
 
Given that there is a positive correlation between cortical bone thickness and 
body size, the regression equation of a simple line representing that relationship 
(y=mx+b) can be formulated with data from the modern faunal reference collection and 
used to estimate live body weight of faunas represented by unidentifiable fragments 
through a measurement of cortical bone thickness (Figure 46).  
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Figure 46: The Estimated Data Distribution for H91, H92 and H94 Fragments Compared to 
Proposed Body Size Classes 
y = 2.1101x + 0.1358 
y = 2.1101x + 0.1358 
y = 2.1101x + 0.1358 
y = 2.1101x + 0.1358 
y = 2.1101x + 0.1358 
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 Though previous analysis has utilised Spearman’s Rho, there is still a positively 
correlated relationship between cortical bone thickness and live weight assuming a 
linear relationship. For the purposes of this thesis, a linear relationship has been used to 
estimate live body weight for Bushrangers Cave fauna.  
 
 
 
 
 
 
 
 
Figure 47: A Comparison of Quantitative Body Size Class Data for Unidentifiable Fragments from 
H91, H92 and H94 
 
Figure 46 demonstrates that the logged regression estimated live weights for 
data from each grid square generally fall within the lower body size classes. Figure 47 
further illustrates that Class 2 (1-4kg) and Class 3(4-8kg) were the most commonly 
exploited faunal body sizes at Bushrangers Cave.  To assess change in body size 
exploitation through time, the faunal assemblage will be divided into temporal phases, 
based on previous temporal change analyses by Mowat (1988) and Kearney (1998) 
(Table 38).  
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Table 38: Occupation Phases for Bushrangers Cave Grid Squares 
 
Figure 48 illustrates changes in body size exploitation through time based on qualitative 
class assignments. Consistent exploitation of Class A and B fauna throughout the entire 
occupation, with spikes in 
larger bodied faunas in early 
and late phases of H94 and late 
phases of H92 align with 
findings presented by Kearney 
(1998) and Mowat (1988). Chi-
Squared tests detected no 
discernible differences between 
occupation phases (Table 39).  
In comparison, Figure 49 
illustrates changes in body size 
exploitation through time based 
on quantitative data.  
 
Figure 48: Changes in Body Size through Time Based on the Qualitative Assessment of 
Unidentifiable Fragments from H91, H92 and H94 
 
Phase H91 H92 H94 
Early Phase Excavation units 17 – 9 Excavation units 22-12 Excavation units 26-19 
Middle Phase - - Excavation units 18-10 
Late Phase Excavation units 8 – 1 Excavation units 11-1 Excavation units 9 – 1 
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The quantitative assessment provides an enhanced illustration of the body size 
and indicates that size class 2 fauna (1-4kg) were consistently exploited throughout the 
cultural sequence at Bushrangers. Larger bodied faunas (Size Class 4 – 8-25kg) are 
detected during early phases of H92 and H94 and also in the late phase of H94. This is 
again consistent with findings previously published by Mowat (1988) and Kearney 
(1998). Chi-squared tests indicate that there are no significant differences in 
distribution between early and 
late phases of H91 and H92. 
There is also no difference in 
distribution between early and 
late phases of H94. However 
both differ significantly in 
distribution to the middle 
phase. The implications of 
these findings will be further 
discussed in chapter 5.  
 
 
 
 
 
Figure 49: Changes in Body Size through Time Based on the Quantitative Assessment of 
Unidentifiable Fragments from H91, H92 and H94 
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Table 39: Summary of Tests and Results for Bushrangers Cave Analysis 
 
 
 
 
Tests Results 
Shapiro-Wilk:  
Test grid  square data groups for 
normality 
H91: W=0.985, p=0.7197                                               
H91 Early: W=0.9875, p=0.9538                                     
H91 Late: W=0.9475, p=0.3313 
H92: W=0.992, p=0.777                                              
Early: W=0.9802, p=0.351                                           
Late: W=0.9729, p=0.4277 
H94: W=0.9545, p=0.0001                                         
Early: W=0.9764, p=0.7573                                    
Middle: W=0.9851, p=0.7481                                     
Late: W=0.9202, p=0.0005 
Chi-Squared Test: 
Test for differences between two 
samples  
H91 Qualitative Data Early vs. Late: 
Chi^=2.3166, p=0.128 
H91 Quantitative Data Early vs. Late:                                                  
Chi^2: 0.0522, p=0.9742 
 
H92 Qualitative Data Early vs. Late: 
Chi^2=0.2878, p=0.8659 
H92 Quantitative Data Early vs. Late:                                                  
Chi^2: 1.9826, p=0.5760 
 
H94 Qualitative Data Early vs. Middle 
Chi^2= 1.9931, p= 0.1580 
H94 Qualitative Data Middle vs. Late 
Chi^2=4.6534, p=0.097617 
H94 Qualitative Data Early vs. Late 
Chi^2=3.2678, p=0.1952 
H94 Quantitative Data Early vs. Middle: 
Chi^2= 11.354, p=0.009 
H94 Quantitative Data Middle vs. Late 
Chi^2= 10.354, p=0.015783 
H94 Quantitative Data Early vs. Late 
Chi^2= 1.6736, p=0.6428 
Outcome: 
Tests indicated that while no differences were detected between occupation phases using 
qualitative data, there were differences detected in quantitative data. Furthermore, the use of 
quantitative data further refined understandings of Bushrangers Cave exploitation patterns, 
indicating that the majority of prey falls within 1-8kg live weight. Spikes in larger bodied faunal 
exploitation were detected for early and late phases of H94, congruent with previous findings by 
Kearney (1998) 
Refer to Appendix 15 for more extensive analysis summary for this section 
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5.0 Discussion and Conclusion 
5.1 Introduction 
 Heavy degrees of fragmentation of faunal remains have impacted the 
ability of zooarchaeological researchers to postulate accurate interpretations of the past 
human behaviours in relation to their surrounding environments. The development of 
alternative analytical techniques such as body size classes has provided researchers 
with a method to analyse and extract meaningful data from what are otherwise 
taxonomically unidentifiable bone fragments. The use of body size classes in 
zooarchaeological research has however been based on the assumption of an 
observable relationship between cortical bone thickness and live body weight. This 
relationship has not been quantifiably verified or statistically demonstrated to exist. 
This thesis has utilised quantified data from a modern faunal reference collection to 
perform the first statistical analysis of the relationship between cortical bone thickness 
and body size in Australian faunas and demonstrated the application of body size 
classes on the analysis of a zooarchaeological assemblage.  
 
5.2  Discussion  
This thesis has revealed several important findings which have serious 
implications for the use of body size classes in Australia and in a global context.  
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5.2.1 Cortical Bone Thickness Measurements should be taken from Distance Intervals 
2 and 3, or from within the Proximal-Midshaft to Midshaft-Distal Measurement 
Sites 
In Australian faunas, cortical bone thickness decreased toward bone ends (Figure 8; 
See also Safadi et al 2009). The measurement of cortical bone thickness at the proximal 
or distal bone ends thus produces very different values then measurements taken 
between proximal-midshaft to midshaft distal points (Figure 8).  Measurements taken 
between proximal-midshaft to midshaft distal points (Figure 8) do not exhibit 
significant differences in cortical bone thickness values. This finding is important for 
three reasons: 
1) Because the presence of cancellous bone is most densely concentrated at bone 
ends, it can also diminish the ability take accurate measurements of cortical bone 
thickness at these bone portions.  Researchers can therefore use the presence 
and/or absence of cancellous bone to orient where an unidentifiable fragment 
may have originated on a skeletal element in order to take accurate 
measurements within the proximal-midshaft to midshaft-distal range (Figure 8).   
 
2) A high quantity of unidentifiable fragments within zooarchaeological 
assemblages originate from within the proximal-midshaft to midshaft-distal 
measurement sites. The prevalence of these fragments in archaeological 
assemblages justifies the use of body size classes to obtain further information 
about past behaviours. 
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3) The measurement of cortical bone thickness within this area will produce 
comparable datasets which more appropriately reflect the body sizes of faunas 
within archaeological assemblages.  
The use of measurements within this range will result in the generation of comparable 
cortical bone thickness data. Archaeologically speaking this finding is significant 
because: 
1) As many researchers have demonstrated, the proximal-midshaft to midshaft-
distal measurement range of long bones are more likely to survive as fragments 
because of their relative thickness and density in comparison to bone ends 
(Outram 2001; 2002; Lyman 1994; Lam et al 1999). 
 
2) Grease rich proximal and distal bone ends are selectively ravaged by carnivores 
which will only further impact the ability to measure cortical bone thickness 
accurately from fragments from these areas (Bartram and Marean 1999; 
Dusseldorp 2011; Kuhn et al 2010; Lansing et al 2009; Pickering 2002; Pokines 
and Peterhans 2007).  
 
5.2.2 There is a Significant Differentiation between Forelimb and Hindlimb Skeletal 
Elements  
This study has demonstrated that for Australian faunas, the hindlimb elements 
have a greater cortical bone thickness than the forelimb element. This differentiation 
while not entirely unexpected given the distinct skeletal morphologies of Australian 
faunas, is problematic from an archaeological perspective. While cortical bone thickness 
of the forelimb shares a strong and positively correlated relationship with body weight, 
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the morphological scaling of forlimbs in some faunal species is a source of potential 
discrepancy. There is a significant difference in cortical bone thickness between 
forelimbs and hindlimbs in both bipeds and quadrupeds. Fragments from forelimb 
elements, being smaller in cortical bone thickness, may be assigned to a smaller body 
size class. This scenrio is probably more likely to occur for larger bipdeal species which 
show a greater degree of cortical bone thickness variation between forelimb and 
hindlimb than for smaller quadrupedal species. Archaeologically, this is likely to impact 
interpretations of subsistence behaviours, artificially inflating the frequency of 
distribution for smaller species and understimating larger species.  
 
5.2.3 There is Significant Difference in Cortical Bone Thickness between the Humerus 
Compared to both the Radius and Ulna 
The analysis of cortical bone thickness differentiation between  skeletal elements 
has revealed that for the forelimb, the humerus is significantly greater in cortical bone 
thickness in comparison to the ulna and radius. Initial concerns were raised that this 
may be reflective of the cortical thickness of the humerus being a more reliable 
idnicator of body size than the radius/ulna. However, subsequent testing indicated that 
all forlimb elements scale with body size. The higher values for the humerus may be due 
to particular activities that fall within the behaviours of Australian faunas. Macropods 
for instance while being bipedal for the purposes of this investigation also follow a 
pentapedal gate, which utilises the forelimb and tail for balance (Hume et al 1989; 
Strahan and Conder 2007; Wilson and Reeder 2006). Males also participate in courtship 
confrontations which involve aggressive ‘boxing’ displays (Hume et al 1989; Strahan 
and Conder 2007; Wilson and Reeder 2006). These behaviours are likely to have an 
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impact on cortical bone thickness data for biped species, however further analysis will 
be required to conclusively prove this theory. For quadruped faunas, behaviours such as 
burrowing and climbing may explain the greater cortical bone thickness of the humerus. 
Further testing will be required to determine if the difference between humerus and the 
radius/ulna will result in fragments falling into different body size classes.  
 
5.2.4 There is no Significant Differences between Cortical Bone Thickness between the 
Femur and Tibia 
The lack of a statistically significant differentiation between the femur and tibia 
was an unexpected result. Given that the proximal element of the forelimb exhibited a 
greater cortical bone thickness compared to distal forelimb elements, it was expected 
that the same pattern would be detected for the hindlimb skeletal elements for 
quadruped faunas. The mechanics of ‘hopping’ were initially expected to result in 
increased cortical bone thickness of the tibia in larger biped faunas.  Archaeologically, 
the lack of a statistical difference between hindlimb elements means that fragments 
from femur and tibia elements are likely to be assigned to the same body size class. 
 
5.2.5 There is a Significant Difference in Cortical Bone Thickness between Different 
Locomotive Groups 
It was expected that there would be a difference in cortical bone thickness 
between locomotive groups. This expectation was based on the fact that quadruped 
faunas in australia are usually smaller quadrupeds, whereas the largest of Australian 
terrestrial faunas are bipeds. Archaeologically speaking only limited information can be 
obtained using the popular three size class system of small, medium and large body 
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sizes. Faunas of larger body sizes are generally macropod species, in contrast small and 
medium sized faunas may constitute a broader range of faunas and  a variety of 
different hunting methods (Petrie 1904; Winterbotham 1975). 
 
5.2.6 There is a Significant and Positively Correlated Relationship between Cortical 
Bone Thickness of the Long Bones and Live Body Weight across Australian 
Faunal Species   
Though this has always been suspected, this thesis wa able to demonstrate that 
there is a significant and positively correlated relationship between cortical bone 
thickness and body size. More specifically, an increase in cortical bone thickness has a 
corresponding increase in live body weight in Australian faunas. This finding is 
particularly significant for future zooarchaeological and palaeontological research in 
Australia because it suggests that a simple measurement of cortical bone thickness of a 
shaft fragment can provide an accutrate indication of the live body weight of the animal 
from which the fragment originated. Though further research will be required to 
formulate the best body size class weight divisions, it is possible that regression 
equations can be created, with which unidentifiable fragments can be used to give an 
accurate indication of live body weight. This will increase the understanding of 
subsitence practices utilised in Australian contexts. But there are also implications for 
studies around the world. African researchers concentrating on MSA and LSA 
subsistence behaviours may benefit from the use of quantified body size classes. This 
will result in futher standardisation of zooarchaeological methods and provide a more 
accurate accound ot the exact body sizes within an assemblage that is not subjected to 
biases of level of experience between different researchers. 
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5.2.7 Sex, Age, Disease, Life History and Provenience Do Matter 
This thesis was able to demosntrate that sexual dimorphism in an Australian 
faunal species (P. cinereus) does translate to a difference in cortical bone thickness. 
Likewise, different ontogentic ages will also result in a difference in cortical bone 
thickness. Both these results were expceted, but for body size classes to be established 
for Australian faunas, further studies across a larger range of species will be required. 
Health and disease studies proved inconclusive. This is likely because diseases for P. 
cinereus target soft tissue rather than bone. It was difficult to study the prescence of 
health and disease in wild animals, mainly because animals collected by wildlife 
authorties are rarely subjected to necropsy. P. cinerus was the exception to this rule, 
given it’s current vulnerable status necropsy of speciemens obtained by the Moggill Hill 
Koala Hospital are standard procedures.  
Another factor to consider is the life history of faunal species utilised in this 
study. I refer here mainly to three speciemens obtained from the Currumbin Wildlife 
sanctuary. These individuals ( two Macropus rufus specimens and one Macropus 
giganteus speciemen), formed the data for the largest of the body size classes proposed 
in this thesis. These animals, while significantly greater in live body weight (being all 
above 60 kg), did not exhibit a great differentiation in cortical bone thickness data to 
that of smaller classes.This is likely due to the behaviours of captive faunas, who are 
provided with plentiful food and water resources, limiting their need to forage over 
great distances. This would explain their increased weight and a cortical bone thickness 
which was less distinct than expected.  
Provenience studies were also inconclusive, but theory of Bergmann’s Law and 
Allen’s Rule suggests that there is a likely differentiation between the cortical bone 
thickness of faunas from different regions (Tilkens et al 2007; Watt et al 2010). This 
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difference was not detected because the majority of faunal specimens obtained for this 
thesis originated from within Queensland, and more specifically the South-eastern 
region of the state in environments within 100 km radius of Brisbane.   
  
5.3 Bushrangers Cave 
Faunal analysis of Bushrangers Cave was  impacted by extreme fragmentation 
(Mowat 1988, Kearney 1998), with the archaeofaunal remains further compromised by 
several post-depositional factors (Table 40). Regardless, the analysis of fragmented 
remains revealed little variation in body size exploitation through time in H91 and H92.  
H94 followed a similar pattern; however, spikes in exploitation of larger bodied faunas 
were detected in early and late occupation phases. This evidence provides further 
support for Kearney’s (1998) findings based on identifiable faunas. Additionally, these 
findings further suggest that Morwood’s (1987) “Social Complexity Model” does not 
accurately encapsulate occupation of the Moreton region. Despite an assumed increase 
in population, larger bodied prey was still detected during later phases of occupation at 
Bushrangers Cave. The question then is why did the people occupying Bushrangers 
Cave cease to exploit larger bodied faunas during the middle occupation phase of H94? 
Is it as simple as an initial localised over-hunting followed by a later replenishment of 
larger bodied faunas? Or is it a result of differential preservation at the site? It is 
important to remember that hunting does not occur within a logical and rational 
vacuum (Pike 1984). There are external factors which influence the decisions made by 
past peoples, and these decisions structure their interactions with animals (O’Connor 
2000).  
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Table 40: Post-Depositional Factors Detected in Bushrangers Cave Faunal Assemblage 
Factor Impact 
Gnawing  Mowat (1988) and Kearney (1998) identified carnivorous marsupials at the site. 
 Dasyuridae species (Table 4) are native to the ecological niche in which 
Bushrangers Cave is situated 
 The larger of these species are primarily carnivorous and judging by the 
prescence of tooth marks found on bones within the assemblage (Mowat 1988) 
were likely scavenging from the assemblage. 
Digestion  Mowat (1988) confirms that owl activity was a factor in preservation and 
deposition of bones at Bushrangers. 
 Smaller species were taken by owls who commonly regurgitate bone and fur 
material, however this only explains the digestion of very small animal species. 
 Larger species showing signs of digestion are likely to have been ingested by quoll 
species and possibly human occupants (Mowat 1988). 
Weathering  Some fragments showed signs of depeletion in cortical bone thickness as a result 
of plant root activity as well as erosion, though these factors are not as prominent 
as both gnawing and digestion.  
 
The overall pattern of exploitation at Bushrangers Cave is focused on faunas 
within the 1-8kg live weight range. The faunal species within this weight range may 
include possum species (T. vulpecula, T. caninus, P. peregrinus) and macropod species 
(T. thetis, T. stigmatica, M. rufogriseus). These two groups of fauna have been argued to 
be highly important to the occupants of Bushrangers Cave (Mowat 1988) and 
ethnographic records suggests that different hunting practices were utilised to obtain 
species of each group (Petrie 1904; Winterbotham 1957). Petrie (1904: 86-88) records 
that the primarily nocturnal possum species were often tracked to nesting places and 
hunted during the daylight hours and required only one or a small group of hunters (See 
also Mowat 1998). Macropod species however required more sophisticated cooperation 
and were often hunted by groups of hunters (Petrie 1940; Winterbotham 1957). Petrie 
(1904: 83-86) records that kangaroo, wallaby and pademelon species were herded into 
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fibrous nets, speared when drinking from water sources or taken during periods of rest. 
The hunting of pademelon species was probably also aided by predictable foraging 
behaviours exhibited by some species (Cronin 2008; Kearney 1998; Mowat 1988; 
Strahan and Conder 2007). However, Petrie (1904) also notes the use of fire regimes 
were also utilised for the capture of these species. Taxonomic identification of several 
possum and macropod species confirms that both these types of hunting strategies 
were likely in play during the occupation of Bushrangers Cave (Kearney 1998).  
Hall (1986) argued that the consistent use of Bushrangers Cave was an 
archaeological oddity, particularly given the resource rich valleys surrounding the site. 
The consistent exploitation of the same body size of faunas at Bushrangers Cave, and 
the archaeological assemblages from other sites in the region (Hall 1999) indicate that 
the occupation of Bushrangers Cave was not in response to poor resources throughout 
the region. Rather, Hall (1986) posited that the position of Bushrangers Cave was 
particularly significant, being located on the border of Kombumerri country and 
Wangerriburra country (Hall 1986: 100). Hall (1986) cited observations by Gresty 
(1947) which confirmed a degree of socio-political relations between the two cultural 
groups. It is difficult to ascertain the extent to which these relationships extend back 
through time (Hall 1986: 101). Arguments could be made that the lack of a difference in 
body size of faunal species is reflective of: 
 
1) Relatively stable environmental conditions and a rich abundance of faunal 
resources in the area surrounding Bushrangers Cave  
 
2) Habitual transient site use by numerous groups of people travelling throughout 
the Moreton Region for socio-political purposes  
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Though spikes in larger bodied faunas in H94 are detected in both identifiable and 
unidentifiable assemblages, they are absent in H91 and H92. Further analysis of the 
Bushrangers Cave faunal assemblage, both identifiable and unidentifiable will be 
required to refine understands of site use in the past. It should also be noted that the 
majority of fragments recovered from Bushrangers Cave exhibit signs of burning. 
Ethnographically speaking, both Petrie (1904) and Winterbotham (1957) record the 
cooking of macropod and possum faunas. Burnt bones recovered from hearths may 
provide a better illustration of the exploitation patterns throughout the cultural 
sequence at Bushrangers Cave. However, the extent to which burning will impact 
cortical bone thickness is as yet unknown and must be explored further before analysis 
of burnt material can be conducted.  
Another interesting finding highlighted by this thesis was the discrepancy between 
initial qualitative body size class assignment and the assignment of a body size class 
based on actual cortical bone thickness measurements. Gobalet (2001) recorded 
incidences of discrepancy between in the taxonomic identification of fish remains 
between zooarchaeological researchers. The results from H92 and H94 show very 
similar patterns of initial body size class assessment which are very different to that of 
H91. This difference reflects a level of researcher bias generated through the use of 
unquantified methods of body size class assignment for fragments from Bushrangers 
Cave. This result has illustrated the need for a standardised quantified approach for 
body size class analysis.  
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5.4 Directions for Future Research 
The modern reference collection obtained for this thesis was by no means an 
extensive list of Australian terrestrial taxa. For body size classes to be implemented on 
Australian faunas, a number of individuals per taxa must be studied. It would also 
benefit researchers to obtain specimens across a variety of biological sex and 
ontogenetic age groups. Once a more comprehensive list of taxa is studied and data have 
been compiled, the appropriate body size classes can be finalised. A regression equation 
can then be used by researchers to estimate the live weight of faunas presented within 
fragmented assemblages. On face value this project does appear daunting, however, as 
has been demonstrated in African zooarchaeological research, body size classes have 
proved to be useful analytical tools. It is the lack of a standardised approach to the 
collection of fragments and the lack quantified assignment of fragments to body size 
classes which has resulted in obscuring past human behaviours.  
The development of quantified body size classes will provide researchers with an 
affordable and time efficient analytical method with which to approach the analysis of a 
fragmented data set. This is particularly important for Australian archaeological 
research given the extent of fragmentation of faunas recovered from archaeological 
sites across the continent. The simple methodological structure underlying the 
proposed method allows for measurements to be taken by students and volunteers with 
a greater degree of confidence and accuracy. It also provides students and volunteers 
with hands on experience in faunal analysis while providing researchers with a faster 
method for the analysis of fragments which can thus be incorporated into the overall 
study. The use of quantified methods of measurement will also produce more consistent 
and comparable datasets which can confidently be used to construct sequences of 
occupation and changes in behaviours though time and across space. 
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Appendices 
Appendix 1: DERM Approval for the Collection of Skeletal Remains:  
Correspondence with DERM representative Jacqui Brock regarding approvals for the collection 
of skeletal remains of native faunas for the purposes of scientific research 
From: Brock Jacqui Jacqui.Brock@derm.qld.gov.au   16/03/2012 2:57pm 
To: Jordan Towers 
cc: 
Subject: Exemption from Requiring a Permit 
 
Hi Jordan 
Further to our telephone conversation today, if you are only taking animal parts NOT whole animals then the 
following exemption would apply: 
Section 57 of the Nature Conservation (Wildlife Management) Regulation 2006 states: 
 
Educational or scientific purposes: 
(1)  This section applies to a protected animal that - 
 (a) was taken or kept under a licence, permit or other authority under the Act or a law of another State; 
and 
 (b) is in the State. 
(2)  A person may, without a wildlife authority for using the animal, use part of the animal if – 
 (a)  the person is a person to whom an educational purposes permit or scientific purposes permit for 
using the part of the animal may be granted; and 
 (b)  the part of the animal is used for – 
  (i) scientific research at a tertiary or other institution administered by the Commonwealth or a 
State or an entity that is involved in scientific research; or 
  (ii) teaching at an educational institution or organisation. 
You will still need a permit to bring animal parts into the State but you will not require a Scientific Purposes 
Permit. Please let me know if I can be of further assistance. 
Regards 
Jacqui Brock 
 
Project Officer (Scientific and Educational Authorities) Queensland Parks and Wildlife Service 
PO Box 731, Toowoomba Q 4350  
Ph: (07) 4699 4366  Fax: (07) 4699 4399 
Email: jacqui.brock@derm.qld.gov.au 
www.derm.qld.gov.au 
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 Appendix 2: EPA New South Wales Scientific Resear ch Permit 
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Appendix 3: ANFRA Ethics Approval  
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Appendix 4: Permission from Household Owner  
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Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr 
Kristian Carlson 
 
Trichosurus vulpecular  (Brushtail Possum) CAT scans 
 
M35010 - Trichosurus vulpecular   S01127 – Trichosurus vulpecula 
 
 
 
 
 
 
 
JM8850 – Trichosurus vulpecular   JM08743 – Trichosurus vulpecular 
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Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr 
Kristian Carlson 
 
Wallabia bicolor  (Swamp Wallaby) CAT scans 
M23543 – Wallabia bicolor               M34335 – Wallabia bicolor 
 
 
Macropus parma  (Parma Wallaby) CAT scans 
M37503 – Macropus Parma 
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Appendix 5: Australian Native Faunal Species CAT S cans, Courtesy of Dr 
Kristian Carlson 
 
Macropus fuliginosus  (Western Grey Kangaroo) CAT scans  
M01378 – Macropus fuliginosus 
 
 
Macropus giganteus (Eastern Grey Kangaroo) CAT scans 
A02534 – Macropus giganteus 
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Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr 
Kristian Carlson 
 
Macropus giganteus (Eastern Grey Kangaroo) CAT scans 
JM11525 – Macropus giganteus  
 
 
 
 
 
 
 
 
 
 
Macropus eugenii (Tammar Wallaby) CAT scans 
 
M39728 – Macropus eugenii    M40294 – Macropus eugenii 
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Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr 
Kristian Carlson 
 
Macropus eugenii (Tammar Wallaby) CAT scans 
 
M41165 – Macropus eugenii    M41259 – Macropus eugenii 
 
Macropus eugenii (Tammar Wallaby) CAT scans 
M19005 – Macropus eugenii 
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Appendix 5: Australian Native Faunal Species CAT Scans, Courtesy of Dr 
Kristian Carlson 
 
Phascolarctos cinereus (Koala) CAT scans 
 
Unspecified ID# - Phascolarctos cinereus  M05190 - Phascolarctos cinereus 
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Appendix 6: Cortical Bone Thickness Data Sheets  
Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
AZ01 AZ Macropus 
parryi 
A F 10.00 Femur 2.597 0.187 3.984 0.300 4.255 0.595 2.844 0.136 2.563 0.077 
AZ01 AZ Macropus 
parryi 
A F 10.00 Tibia 2.143 0.701 2.394 0.634 3.273 0.942 3.753 0.604 2.757 0.141 
AZ02 AZ Macropus 
giganteus 
A F 34.00 Tibia 3.061 0.295 3.904 0.344 3.900 0.571 3.875 0.461 2.854 0.119 
CS01 CWS Macropus 
rufus 
A M 66.00 Tibia 3.720 1.600 3.988 0.493 5.232 0.516 4.380 0.333 4.448 0.364 
CS01 CWS Macropus 
rufus 
A M 66.00 Femur 3.754 0.322 4.598 0.262 4.625 0.190 4.586 0.482 4.327 0.382 
CS02 CWS Macropus 
parryi 
A F 12.00 Tibia 2.814 0.751 3.130 0.372 3.689 0.297 3.358 0.214 2.027 0.212 
CS03 CWS Thylogale 
thetis 
A N/A 3.80 Tibia 1.453 0.681 1.543 0.353 1.687 0.340 1.608 0.169 1.282 0.150 
CS04 CWS Macropus 
rufogriseus 
A N/A 34.00 Tibia 3.608 1.714 3.180 0.554 2.765 0.243 2.688 0.108 2.323 0.042 
CS05 CWS Macropus 
giganteus 
A M 45.00 Tibia 3.254 1.408 3.869 1.930 4.244 1.013 4.578 0.172 3.211 0.224 
CS06 CWS Macropus 
parryi 
A M 14.00 Tibia 3.346 0.999 3.727 0.909 3.929 0.688 3.433 0.352 2.683 0.641 
CS07 CWS Macropus 
giganteus 
A F 38.00 Tibia 4.188 0.530 4.497 0.334 4.624 0.518 4.965 0.122 4.197 0.220 
CS08 CWS Pseudocheiru
s peregrinus 
A F 0.74 Femur 1.306 0.116 1.313 0.309 1.309 0.389 0.977 0.205 0.838 0.230 
CS09 CWS Trichosurus 
vulpecula 
A M 0.30 Femur 1.293 0.180 1.774 0.089 1.470 0.109 1.251 0.110 1.267 0.224 
CS09 CWS Trichosurus 
vulpecula 
A M 0.19 Tibia 1.635 0.348 2.245 1.105 2.465 0.399 1.983 0.328 1.480 0.129 
CS10 CWS Phascolarctos 
cinereus 
A F 0.85 Femur 1.983 0.193 2.083 0.235 2.381 0.492 2.503 0.284 2.272 0.206 
CS10 CWS Phascolarctos 
cinereus 
A F 0.47 Tibia 1.908 0.200 1.672 0.115 2.300 0.009 2.333 0.222 2.380 1.004 
CS11 CWS Trichosurus 
caninus 
A M 3.80 Femur 1.858 0.533 2.367 0.863 2.390 0.337 2.158 0.424 1.766 0.412 
CS11 CWS Trichosurus 
caninus 
A M 3.80 Tibia 1.987 0.005 2.202 0.375 2.215 0.728 2.070 0.047 1.568 0.417 
CS12 CWS Macropus 
giganteus 
A F 33.00 Tibia 4.975 0.879 3.957 0.665 4.077 0.115 3.581 0.271 2.731 0.354 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
CS14 CWS Isoodon 
macrourus 
A M 2.60 Femur 1.080 0.488 1.013 0.307 1.432 0.449 1.154 0.146 0.942 0.097 
CS14 CWS Isoodon 
macrourus 
A M 2.60 Tibia 1.005 0.415 1.549 0.628 1.328 0.673 1.171 0.534 0.967 0.377 
CS15 CWS Macropus 
giganteus 
S-A F N/A Tibia 3.088 1.644 2.978 1.360 2.385 0.375 2.693 0.116 2.100 0.105 
CS16 CWS Trichosurus 
caninus 
A M 2.60 Radius 1.533 0.009 1.387 0.038 1.300 0.014 1.240 0.113 1.245 0.214 
CS16 CWS Trichosurus 
caninus 
A M 2.60 Ulna 1.658 0.370 1.573 0.108 1.288 0.158 1.238 0.172 1.290 0.057 
CS16 CWS Trichosurus 
caninus 
A M 2.60 Tibia 1.350 0.113 1.690 0.976 1.565 0.728 1.670 0.141 1.580 0.184 
CS17 CWS Trichosurus 
caninus 
S-A M 1.50 Radius 0.982 0.337 0.960 0.170 0.968 0.311 1.010 0.311 0.923 0.269 
CS17 CWS Trichosurus 
caninus 
S-A M 1.50 Ulna 1.332 0.049 1.383 0.335 1.215 0.007 1.093 0.217 1.423 0.080 
CS17 CWS Trichosurus 
caninus 
S-A M 1.50 Tibia 1.005 0.007 1.362 0.417 1.527 0.490 1.300 0.113 1.117 0.146 
CS18 CWS Macropus 
giganteus 
A M 72.00 Femur 3.910 0.519 4.783 0.567 4.625 0.218 4.278 0.301 3.798 0.180 
CS18 CWS Macropus 
giganteus 
A M 72.00 Tibia 3.070 0.808 3.593 0.053 5.323 1.016 4.573 0.887 3.090 0.476 
CS19 CWS Macropus 
rufus 
A M 75.00 Humerus 2.314 0.524 3.615 0.829 3.879 0.844 4.943 0.855 4.773 0.522 
CS19 CWS Macropus 
rufus 
A M 75.00 Radius 2.898 0.199 3.027 0.419 3.136 0.242 3.023 0.445 2.431 0.422 
CS19 CWS Macropus 
rufus 
A M 75.00 Ulna 3.285 0.158 2.837 1.131 2.537 0.024 2.137 0.151 1.670 0.057 
CS19 CWS Macropus 
rufus 
A M 75.00 Femur 3.883 0.789 5.293 0.231 4.997 3.634 4.547 0.471 3.841 0.370 
CS19 CWS Macropus 
rufus 
A M 75.00 Tibia 3.851 0.378 4.829 1.007 5.625 0.481 4.725 0.446 3.201 0.356 
CS20 CWS Phascolarctos 
cinereus 
A F N/A Tibia 2.160 0.622 2.410 0.504 2.620 0.137 2.285 0.082 2.192 0.493 
TS01 TS Macropus 
rufogriseus 
A M N/A Radius 1.465 0.438 1.773 0.392 1.565 0.194 1.456 0.129 1.166 0.163 
TS01 TS Macropus 
rufogriseus 
A M N/A Ulna 2.530 0.047 2.532 1.808 1.665 0.483 1.317 0.132 0.962 0.026 
TS01 TS Macropus 
rufogriseus 
 
A M N/A Femur 4.000 1.260 4.237 0.334 4.369 0.339 3.203 0.221 2.432 0.294 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
TS01 TS Macropus 
rufogriseus 
A M N/A Femur 3.084 0.266 3.674 0.504 3.613 0.201 2.908 0.226 2.621 0.143 
TS01 TS Macropus 
rufogriseus 
A M N/A Tibia 3.813 0.968 4.595 0.614 5.433 0.377 4.072 0.245 2.523 0.234 
TS01 TS Macropus 
rufogriseus 
A M N/A Tibia 2.505 0.708 2.728 0.873 3.754 0.355 3.587 0.237 2.311 0.341 
TS02 TS Macropus 
giganteus 
A F 36.00 Humerus 1.840 0.509 2.580 0.764 2.940 0.750 3.220 0.113 2.277 0.330 
TS02 TS Macropus 
giganteus 
A F 36.00 Radius 2.340 0.071 2.620 0.042 1.958 0.026 1.607 0.415 1.630 0.071 
TS02 TS Macropus 
giganteus 
A F 36.00 Ulna 2.342 0.021 2.435 0.106 1.788 0.120 1.760 0.057 1.208 0.130 
TS02 TS Macropus 
giganteus 
A F 36.00 Femur 3.555 1.718 4.583 0.415 4.872 0.196 3.892 0.511 2.883 0.603 
TS02 TS Macropus 
giganteus 
A F 36.00 Femur 3.690 1.782 4.995 0.997 5.195 0.290 3.595 0.163 2.913 0.104 
TS02 TS Macropus 
giganteus 
A F 36.00 Tibia 3.125 0.460 3.895 0.601 4.240 0.693 3.205 0.163 2.108 0.035 
TS02 TS Macropus 
giganteus 
A F 36.00 Tibia 2.992 0.521 4.125 0.587 4.090 0.778 3.525 0.502 2.275 0.007 
MH01 MKH Trichosurus 
vulpecula 
J F 0.30 Humerus 0.679 0.165 0.914 0.285 0.780 0.193 0.690 0.165 0.602 0.106 
MH01 MKH Trichosurus 
vulpecula 
J F 0.30 Radius 0.720 0.032 0.650 0.142 0.743 0.110 0.678 0.138 0.708 0.073 
MH01 MKH Trichosurus 
vulpecula 
J F 0.30 Ulna 0.647 0.014 0.577 0.042 0.639 0.037 0.717 0.005 0.582 0.016 
MH01 MKH Trichosurus 
vulpecula 
J F 0.30 Femur 0.826 0.112 0.847 0.401 0.915 0.199 0.808 0.352 0.662 0.131 
MH01 MKH Trichosurus 
vulpecula 
J F 0.30 Tibia 0.808 0.196 0.612 0.021 0.642 0.007 0.860 0.566 0.733 0.009 
MH02 MKH Phascolarctos 
cinereus 
A F 3.90 Humerus 1.519 0.188 1.634 0.180 1.706 0.619 1.384 0.169 1.119 0.182 
MH02 MKH Phascolarctos 
cinereus 
A F 3.90 Radius 1.790 0.009 1.830 0.306 1.702 0.403 1.418 0.002 1.122 0.148 
MH02 MKH Phascolarctos 
cinereus 
A F 3.90 Ulna 2.533 0.047 1.967 0.094 1.837 0.024 1.508 0.092 1.380 0.717 
MH02 MKH Phascolarctos 
cinereus 
A F 3.90 Femur 1.608 0.216 2.080 0.147 2.129 0.253 1.854 0.233 1.678 0.294 
MH02 MKH Phascolarctos 
cinereus 
 
A F 3.90 Tibia 2.528 0.515 2.493 0.364 2.623 0.152 1.957 0.191 1.566 0.290 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH03 MKH Phascolarctos 
cinereus 
A F 4.50 Radius 1.428 0.413 1.475 0.155 1.233 0.107 1.103 0.202 0.776 0.171 
MH03 MKH Phascolarctos 
cinereus 
A F 4.50 Ulna 1.160 0.387 1.045 0.850 0.955 0.106 1.128 0.186 0.848 0.163 
MH03 MKH Phascolarctos 
cinereus 
A F 4.50 Femur 1.335 0.237 1.249 0.262 1.701 0.466 1.227 0.160 1.040 0.176 
MH03 MKH Phascolarctos 
cinereus 
A F 4.50 Tibia 1.261 0.271 1.683 0.449 1.832 0.131 1.293 0.200 1.021 0.126 
MH04 MKH Phascolarctos 
cinereus 
A M 6.00 Humerus 1.872 0.323 3.057 0.061 2.498 0.837 2.340 0.222 1.788 0.709 
MH04 MKH Phascolarctos 
cinereus 
A M 6.00 Radius 1.793 0.211 1.486 0.395 1.582 0.132 1.263 0.193 1.273 0.131 
MH04 MKH Phascolarctos 
cinereus 
A M 6.00 Ulna 1.662 0.205 1.450 0.104 1.365 0.266 1.233 0.118 1.325 0.130 
MH04 MKH Phascolarctos 
cinereus 
A M 6.00 Femur 2.101 0.252 2.499 0.306 2.668 0.486 1.858 0.172 1.542 0.119 
MH04 MKH Phascolarctos 
cinereus 
A M 6.00 Tibia 2.213 0.618 2.427 0.570 2.393 0.330 1.880 0.339 1.762 0.082 
MH05 MKH Phascolarctos 
cinereus 
A F 5.10 Humerus 1.505 0.535 2.420 0.424 1.998 0.163 1.450 0.179 0.992 0.148 
MH05 MKH Phascolarctos 
cinereus 
A F 5.10 Radius 1.135 0.054 1.243 0.240 1.198 0.082 1.252 0.134 1.132 0.101 
MH05 MKH Phascolarctos 
cinereus 
A F 5.10 Ulna 1.503 0.325 1.446 0.277 1.285 0.087 1.192 0.165 1.103 0.226 
MH05 MKH Phascolarctos 
cinereus 
A F 5.10 Femur 1.422 0.119 1.554 0.103 1.454 0.188 1.106 0.167 1.403 0.075 
MH05 MKH Phascolarctos 
cinereus 
A F 5.10 Tibia 1.485 0.211 1.711 0.313 1.935 0.084 1.681 0.632 1.387 0.089 
MH06 MKH Phascolarctos 
cinereus 
A M 7.40 Humerus 1.198 0.229 1.603 0.369 1.953 0.214 2.283 0.320 1.788 0.122 
MH06 MKH Phascolarctos 
cinereus 
A M 7.40 Radius 2.193 0.359 2.213 0.483 2.031 0.349 1.846 0.295 1.603 0.185 
MH06 MKH Phascolarctos 
cinereus 
A M 7.40 Ulna 3.278 0.295 3.403 0.764 2.728 0.549 2.195 0.276 1.897 0.005 
MH06 MKH Phascolarctos 
cinereus 
A M 7.40 Femur 1.936 0.310 2.123 0.233 2.585 0.261 2.182 0.272 1.730 0.123 
MH06 MKH Phascolarctos 
cinereus 
A M 7.40 Tibia 2.415 0.469 2.300 0.170 2.730 0.047 2.130 0.919 2.455 0.054 
MH07 MKH Phascolarctos 
cinereus 
 
A F 6.10 Humerus 2.260 0.641 2.752 1.167 1.820 0.207 1.427 0.217 1.233 0.099 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH07 MKH Phascolarctos 
cinereus 
A F 6.10 Ulna 1.972 0.191 1.868 0.483 1.505 0.068 1.415 0.252 1.355 0.144 
MH07 MKH Phascolarctos 
cinereus 
A F 6.10 Femur 1.686 0.224 1.993 0.253 2.383 0.273 2.181 0.542 1.618 0.173 
MH07 MKH Phascolarctos 
cinereus 
A F 6.10 Tibia 1.999 0.456 1.836 0.128 2.508 0.153 2.358 0.208 1.914 0.351 
MH08 MKH Phascolarctos 
cinereus 
A M 7.00 Humerus 1.818 0.659 2.182 0.490 2.225 0.403 2.069 0.493 2.659 0.565 
MH08 MKH Phascolarctos 
cinereus 
A M 7.00 Radius 1.620 0.123 2.085 0.167 1.653 0.236 1.748 0.351 1.422 0.031 
MH08 MKH Phascolarctos 
cinereus 
A M 7.00 Ulna 1.747 0.339 1.578 0.111 1.337 0.170 1.400 0.146 1.293 0.222 
MH08 MKH Phascolarctos 
cinereus 
A M 7.00 Femur 2.220 0.150 3.070 0.151 3.212 0.283 2.398 0.468 2.170 0.375 
MH08 MKH Phascolarctos 
cinereus 
A M 7.00 Tibia 2.188 0.431 2.277 0.071 2.547 0.407 2.042 0.555 1.278 0.466 
MH09 MKH Phascolarctos 
cinereus 
A M 4.80 Humerus 1.653 0.105 1.738 0.336 2.126 0.523 2.047 0.403 1.360 0.105 
MH09 MKH Phascolarctos 
cinereus 
A M 4.80 Radius 1.856 0.406 1.767 0.217 1.927 0.545 1.594 0.414 1.478 0.414 
MH09 MKH Phascolarctos 
cinereus 
A M 4.80 Ulna 1.493 0.156 1.558 0.295 1.568 0.516 1.270 0.292 1.078 0.158 
MH09 MKH Phascolarctos 
cinereus 
A M 4.80 Femur 2.297 0.078 2.572 0.357 2.775 0.319 2.339 0.460 1.793 0.411 
MH09 MKH Phascolarctos 
cinereus 
A M 4.80 Tibia 2.201 0.637 2.427 0.811 2.523 0.364 2.364 0.331 2.265 0.424 
MH10 MKH Phascolarctos 
cinereus 
J F 1.50 Humerus 1.058 0.012 1.150 0.504 0.802 0.181 0.930 0.024 0.837 0.057 
MH10 MKH Phascolarctos 
cinereus 
J F 1.50 Radius 0.725 0.115 1.022 0.125 0.957 0.278 0.748 0.252 0.823 0.085 
MH10 MKH Phascolarctos 
cinereus 
J F 1.50 Ulna 1.603 0.156 1.205 0.309 1.033 0.292 1.115 0.554 0.957 0.273 
MH10 MKH Phascolarctos 
cinereus 
J F 1.50 Femur 1.313 0.186 1.315 0.202 1.257 0.188 1.238 0.165 1.073 0.093 
MH10 MKH Phascolarctos 
cinereus 
J F 1.50 Tibia 1.033 0.261 1.515 0.219 1.389 0.419 1.139 0.060 1.257 0.274 
MH11 MKH Phascolarctos 
cinereus 
A F 5.50 Humerus 1.781 0.008 2.108 0.001 2.276 0.006 2.610 0.005 2.271 0.008 
MH11 MKH Phascolarctos 
cinereus 
 
A F 5.50 Radius 1.690 0.013 1.820 0.013 1.712 0.019 1.575 0.097 1.415 0.276 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH11 MKH Phascolarctos 
cinereus 
A F 5.50 Femur 2.185 0.005 2.355 0.015 2.947 0.003 2.007 0.012 1.633 0.709 
MH11 MKH Phascolarctos 
cinereus 
A F 5.50 Tibia 1.897 0.143 2.564 0.006 2.883 0.007 2.208 0.004 1.788 0.003 
MH12 MKH Phascolarctos 
cinereus 
A F 4.70 Humerus 1.236 0.288 1.567 0.242 1.631 0.250 1.548 0.374 1.818 0.336 
MH12 MKH Phascolarctos 
cinereus 
A F 4.70 Radius 1.790 0.820 1.818 0.412 1.682 0.507 2.110 0.085 2.007 0.118 
MH12 MKH Phascolarctos 
cinereus 
A F 4.70 Ulna 1.687 0.321 1.915 0.516 1.668 0.342 1.628 0.097 1.405 0.238 
MH12 MKH Phascolarctos 
cinereus 
A F 4.70 Femur 2.163 0.164 1.927 0.218 2.072 0.335 1.688 0.119 1.600 0.045 
MH12 MKH Phascolarctos 
cinereus 
A F 4.70 Tibia 1.295 0.309 2.177 0.179 2.243 0.259 1.833 0.632 1.668 0.101 
MH13 MKH Phascolarctos 
cinereus 
S-A M 3.80 Humerus 1.630 0.430 1.801 0.600 1.597 0.689 1.410 0.201 1.373 0.258 
MH13 MKH Phascolarctos 
cinereus 
S-A M 3.80 Radius 1.003 0.179 1.152 0.291 1.392 0.123 1.144 0.231 1.050 0.234 
MH13 MKH Phascolarctos 
cinereus 
S-A M 3.80 Ulna 1.363 0.397 1.148 0.255 1.112 0.103 0.952 0.235 0.842 0.218 
MH13 MKH Phascolarctos 
cinereus 
S-A M 3.80 Femur 1.193 0.228 1.565 0.144 1.557 0.266 1.312 0.217 1.032 0.217 
MH13 MKH Phascolarctos 
cinereus 
S-A M 3.80 Tibia 1.480 0.499 1.624 0.355 1.497 0.249 1.708 0.375 1.276 0.286 
MH14 MKH Phascolarctos 
cinereus 
A M 7.90 Humerus 1.142 0.188 1.584 0.513 1.673 0.444 1.448 0.406 1.676 0.287 
MH14 MKH Phascolarctos 
cinereus 
A M 7.90 Ulna 1.313 0.424 1.207 0.009 1.113 0.156 1.053 0.014 1.158 0.587 
MH14 MKH Phascolarctos 
cinereus 
A M 7.90 Femur 1.472 0.200 1.764 0.257 1.927 0.165 1.392 0.354 1.318 0.156 
MH14 MKH Phascolarctos 
cinereus 
A M 7.90 Tibia 1.643 0.426 1.810 0.272 1.853 0.400 2.008 0.184 1.383 0.209 
MH15 MKH Phascolarctos 
cinereus 
A F 3.20 Humerus 1.153 0.203 1.813 0.651 2.027 0.804 2.128 0.467 1.721 0.522 
MH15 MKH Phascolarctos 
cinereus 
A F 3.20 Ulna 1.172 0.068 1.413 0.123 1.128 0.111 1.113 0.094 1.047 0.075 
MH15 MKH Phascolarctos 
cinereus 
A F 3.20 Femur 1.538 0.121 1.695 0.133 2.089 0.262 1.845 0.367 1.082 0.124 
MH15 MKH Phascolarctos 
cinereus 
 
A F 3.20 Tibia 1.790 0.449 2.026 0.421 2.078 0.259 1.640 0.134 1.225 0.123 
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ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH16 MKH Phascolarctos 
cinereus 
A M 6.60 Radius 1.844 0.285 1.773 0.233 1.558 0.128 1.824 0.345 1.310 0.158 
MH16 MKH Phascolarctos 
cinereus 
A M 6.60 Ulna 1.915 0.467 1.127 0.106 1.315 0.076 1.612 0.529 1.172 0.091 
MH16 MKH Phascolarctos 
cinereus 
A M 6.60 Femur 1.721 0.145 1.953 0.118 2.171 0.423 2.047 0.409 1.372 0.118 
MH16 MKH Phascolarctos 
cinereus 
A M 6.60 Tibia 1.878 0.198 1.957 0.107 2.500 0.071 2.005 0.304 1.570 0.080 
MH17 MKH Phascolarctos 
cinereus 
A M 6.60 Humerus 1.803 0.409 2.109 0.432 2.540 0.379 2.389 0.165 1.912 0.110 
MH17 MKH Phascolarctos 
cinereus 
A M 6.60 Radius 1.848 0.346 2.402 0.765 1.965 0.582 1.835 0.823 1.740 0.193 
MH17 MKH Phascolarctos 
cinereus 
A M 6.60 Ulna 1.907 0.245 2.192 0.332 1.950 0.719 1.700 0.754 1.757 0.712 
MH17 MKH Phascolarctos 
cinereus 
A M 6.60 Femur 2.105 0.141 2.443 0.197 2.696 0.299 2.165 0.276 1.839 0.150 
MH17 MKH Phascolarctos 
cinereus 
A M 6.60 Tibia 2.442 0.588 2.519 0.173 2.884 0.157 2.433 0.044 1.959 0.265 
MH18 MKH Phascolarctos 
cinereus 
A F 5.00 Humerus 1.331 0.124 1.638 0.299 1.763 0.452 1.788 0.546 1.707 0.318 
MH18 MKH Phascolarctos 
cinereus 
A F 5.00 Radius 1.658 0.162 1.931 0.301 1.654 0.207 1.659 0.583 1.562 0.404 
MH18 MKH Phascolarctos 
cinereus 
A F 5.00 Ulna 1.822 0.610 1.405 0.012 1.293 0.551 1.442 0.578 1.528 0.528 
MH18 MKH Phascolarctos 
cinereus 
A F 5.00 Femur 1.663 0.235 1.898 0.086 2.009 0.129 1.632 0.148 1.463 0.114 
MH18 MKH Phascolarctos 
cinereus 
A F 5.00 Tibia 1.834 0.286 2.282 0.415 2.598 0.397 2.118 0.601 1.864 0.591 
MH19 MKH Phascolarctos 
cinereus 
A F 5.80 Humerus 1.439 0.236 2.060 0.567 2.320 0.958 2.842 0.570 2.083 0.361 
MH19 MKH Phascolarctos 
cinereus 
A F 5.80 Radius 1.807 0.203 2.405 0.031 2.113 0.674 1.790 0.250 1.497 0.123 
MH19 MKH Phascolarctos 
cinereus 
A F 5.80 Ulna 1.668 0.711 2.192 1.047 2.318 0.965 2.368 0.879 1.942 0.926 
MH19 MKH Phascolarctos 
cinereus 
A F 5.80 Femur 2.444 0.610 2.809 0.111 3.232 0.423 2.113 0.333 1.986 0.275 
MH19 MKH Phascolarctos 
cinereus 
A F 5.80 Tibia 2.593 0.481 3.455 1.407 3.298 0.002 2.708 0.365 1.865 0.021 
MH20 MKH Trichosurus 
vulpecula 
 
S-A M N/A Humerus 0.895 0.167 1.010 0.184 1.005 0.148 0.992 0.078 0.790 0.141 
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ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH20 MKH Trichosurus 
vulpecula 
S-A M N/A Ulna 0.808 0.125 0.847 0.179 0.917 0.160 1.013 0.061 0.795 0.016 
MH20 MKH Trichosurus 
vulpecula 
S-A M N/A Femur 0.858 0.125 0.972 0.153 1.128 0.252 0.917 0.066 0.980 0.071 
MH20 MKH Trichosurus 
vulpecula 
S-A M N/A Tibia 1.073 0.448 1.595 0.120 1.465 0.276 1.490 0.453 1.205 0.205 
MH21 MKH Trichosurus 
vulpecula 
S-A M N/A Humerus 1.085 0.007 1.345 0.106 1.393 0.269 1.273 0.052 1.328 0.271 
MH21 MKH Trichosurus 
vulpecula 
S-A M N/A Radius 1.242 0.172 1.148 0.073 1.352 0.172 1.310 0.099 1.178 0.002 
MH21 MKH Trichosurus 
vulpecula 
S-A M N/A Ulna 1.215 0.078 1.075 0.045 1.065 0.111 0.985 0.219 0.933 0.207 
MH21 MKH Trichosurus 
vulpecula 
S-A M N/A Femur 1.250 0.212 1.700 0.071 1.428 0.158 1.230 0.071 1.142 0.045 
MH21 MKH Trichosurus 
vulpecula 
S-A M N/A Tibia 1.542 0.130 1.595 0.394 2.082 0.130 1.813 0.137 1.480 0.071 
MH22 MKH Trichosurus 
vulpecula 
S-A M N/A Humerus 1.517 0.349 1.570 0.469 1.833 0.463 1.502 0.428 1.271 0.180 
MH22 MKH Trichosurus 
vulpecula 
S-A M N/A Radius 1.622 0.549 1.767 0.372 1.597 0.066 1.322 0.002 1.520 0.051 
MH22 MKH Trichosurus 
vulpecula 
S-A M N/A Ulna 1.260 0.113 1.700 0.240 1.562 0.002 1.517 0.019 1.368 0.054 
MH22 MKH Trichosurus 
vulpecula 
S-A M N/A Femur 1.326 0.120 1.611 0.062 1.633 0.201 1.436 0.273 1.255 0.116 
MH22 MKH Trichosurus 
vulpecula 
S-A M N/A Tibia 1.258 0.068 1.790 0.066 2.283 0.363 1.607 0.165 1.488 0.361 
MH23 MKH Isoodon 
macrourus 
S-A F N/A Humerus 0.705 0.049 0.627 0.019 0.828 0.074 0.796 0.057 0.685 0.016 
MH23 MKH Isoodon 
macrourus 
S-A F N/A Femur 1.073 0.014 1.123 0.016 1.117 0.246 1.010 0.020 1.170 0.270 
MH24 MKH Trichosurus 
vulpecula 
A F 1.60 Humerus 0.937 0.339 1.255 0.007 1.035 0.120 1.110 0.000 1.195 0.092 
MH24 MKH Trichosurus 
vulpecula 
A F 1.60 Radius 0.990 0.141 1.352 0.247 1.505 0.332 1.302 0.172 1.367 0.335 
MH24 MKH Trichosurus 
vulpecula 
A F 1.60 Ulna 1.040 0.071 0.877 0.061 1.027 0.028 0.840 0.099 0.807 0.099 
MH24 MKH Trichosurus 
vulpecula 
A F 1.60 Femur 1.583 0.250 1.948 0.059 1.818 0.313 1.682 0.186 1.598 0.031 
MH24 MKH Trichosurus 
vulpecula 
 
A F 1.60 Tibia 1.125 0.460 1.065 0.502 1.552 0.158 1.045 0.007 0.743 0.236 
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ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH25 MKH Phascogale 
tapoatafa 
A M 0.19 Radius 0.573 0.238 0.720 0.231 0.663 0.127 0.705 0.351 0.700 0.115 
MH25 MKH Phascogale 
tapoatafa 
A M 0.19 Ulna 0.507 0.203 0.572 0.139 0.467 0.104 0.515 0.153 0.648 0.012 
MH25 MKH Phascogale 
tapoatafa 
A M 0.19 Femur 0.802 0.007 0.812 0.049 0.813 0.009 0.888 0.007 0.805 0.012 
MH25 MKH Phascogale 
tapoatafa 
A M 0.19 Tibia 0.570 0.127 0.602 0.064 0.623 0.038 0.728 0.120 0.612 0.115 
MH26 MKH Trichosurus 
vulpecula 
A F 2.30 Humerus 1.023 0.052 1.048 0.167 0.880 0.028 0.948 0.045 0.965 0.262 
MH26 MKH Trichosurus 
vulpecula 
A F 2.30 Radius 0.937 0.151 1.210 0.071 1.035 0.233 1.050 0.283 0.837 0.226 
MH26 MKH Trichosurus 
vulpecula 
A F 2.30 Ulna 1.175 0.516 0.932 0.078 0.947 0.108 1.053 0.042 0.840 0.297 
MH26 MKH Trichosurus 
vulpecula 
A F 2.30 Femur 0.995 0.148 1.220 0.028 1.283 0.094 1.087 0.306 0.947 0.316 
MH26 MKH Trichosurus 
vulpecula 
A F 2.30 Tibia 1.480 0.099 1.800 0.636 1.457 0.170 1.255 0.031 1.295 0.087 
MH27 MKH Macropus 
rufogriseus 
J M 2.00 Humerus 0.545 0.049 0.610 0.141 0.655 0.035 0.540 0.014 0.378 0.017 
MH27 MKH Macropus 
rufogriseus 
J M 2.00 Radius 0.730 0.099 0.780 0.000 1.042 0.111 0.803 0.033 0.777 0.052 
MH27 MKH Macropus 
rufogriseus 
J M 2.00 Femur 0.710 0.113 0.850 0.057 1.035 0.021 0.818 0.087 0.852 0.002 
MH27 MKH Macropus 
rufogriseus 
J M 2.00 Tibia 1.230 0.283 1.773 0.170 1.844 0.199 1.388 0.238 0.920 0.097 
MH28 MKH Macropus 
rufogriseus 
J F 1.10 Humerus 0.943 0.250 0.838 0.257 0.855 0.205 1.015 0.120 0.802 0.031 
MH28 MKH Macropus 
rufogriseus 
J F 1.10 Radius 0.687 0.014 0.545 0.177 0.507 0.075 0.692 0.045 0.832 0.087 
MH28 MKH Macropus 
rufogriseus 
J F 1.10 Ulna 0.573 0.203 0.782 0.012 0.697 0.104 0.698 0.073 0.405 0.040 
MH28 MKH Macropus 
rufogriseus 
J F 1.10 Femur 0.845 0.049 0.835 0.035 0.775 0.082 0.745 0.163 0.602 0.016 
MH28 MKH Macropus 
rufogriseus 
J F 1.10 Tibia 1.049 0.192 1.041 0.173 1.016 0.080 0.870 0.039 0.692 0.053 
MH29 MKH Isoodon 
macrourus 
J M 0.85 Humerus 0.648 0.118 0.795 0.040 0.828 0.026 0.968 0.045 0.800 0.255 
MH29 MKH Isoodon 
macrourus 
 
J M 0.85 Ulna 0.460 0.057 1.540 0.042 1.063 0.717 0.640 0.057 0.753 0.193 
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ID 
Source/ 
Location 
Scientific 
Name Age Sex 
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(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH29 MKH Isoodon 
macrourus 
J M 0.85 Tibia 0.718 0.059 1.082 0.134 1.160 0.028 1.035 0.049 0.833 0.038 
MH30 MKH Trichosurus 
vulpecula 
J F 0.47 Humerus 0.755 0.177 0.635 0.078 0.710 0.014 0.757 0.137 0.602 0.021 
MH30 MKH Trichosurus 
vulpecula 
J F 0.47 Radius 1.062 0.780 0.608 0.017 0.727 0.198 0.550 0.127 0.562 0.054 
MH30 MKH Trichosurus 
vulpecula 
J F 0.47 Ulna 0.605 0.007 0.525 0.106 0.737 0.061 0.580 0.080 0.462 0.040 
MH30 MKH Trichosurus 
vulpecula 
J F 0.47 Femur 0.642 0.196 0.913 0.306 0.818 0.059 0.842 0.049 0.730 0.080 
MH30 MKH Trichosurus 
vulpecula 
J F 0.47 Tibia 0.522 0.111 0.415 0.035 0.543 0.066 0.468 0.082 0.420 0.014 
MH31 MKH Phascogale 
tapoatafa 
A M 0.19 Humerus 0.947 0.575 0.707 0.071 0.555 0.031 0.567 0.108 0.448 0.139 
MH31 MKH Phascogale 
tapoatafa 
A M 0.19 Radius 0.460 0.000 0.425 0.035 0.430 0.028 0.387 0.009 0.348 0.012 
MH31 MKH Phascogale 
tapoatafa 
A M 0.19 Ulna 0.498 0.068 0.423 0.165 0.448 0.087 0.377 0.108 0.443 0.042 
MH31 MKH Phascogale 
tapoatafa 
A M 0.19 Femur 0.755 0.460 0.697 0.165 0.643 0.118 0.513 0.080 0.607 0.151 
MH31 MKH Phascogale 
tapoatafa 
A M 0.19 Tibia 0.772 0.007 0.665 0.092 0.673 0.080 0.755 0.049 0.668 0.280 
MH32 MKH Phascolarctos 
cinereus 
A M 9.50 Humerus 1.714 0.579 2.487 0.664 2.907 0.415 2.663 0.385 2.072 0.218 
MH32 MKH Phascolarctos 
cinereus 
A M 9.50 Radius 1.747 0.128 2.129 0.224 1.742 0.294 1.633 0.281 1.332 0.196 
MH32 MKH Phascolarctos 
cinereus 
A M 9.50 Ulna 1.888 0.238 2.290 0.816 2.045 0.247 1.742 0.342 1.730 0.033 
MH32 MKH Phascolarctos 
cinereus 
A M 9.50 Femur 2.042 0.238 2.699 0.240 3.233 0.261 2.362 0.048 1.964 0.118 
MH32 MKH Phascolarctos 
cinereus 
A M 9.50 Tibia 2.391 0.475 2.339 0.157 2.869 0.110 2.179 0.361 1.589 0.337 
MH33 MKH Phascolarctos 
cinereus 
A F 4.80 Humerus 1.524 0.330 1.505 0.293 1.896 0.434 2.043 0.239 1.535 0.146 
MH33 MKH Phascolarctos 
cinereus 
A F 4.80 Radius 1.819 0.084 1.628 0.268 1.424 0.302 1.359 0.112 1.117 0.087 
MH33 MKH Phascolarctos 
cinereus 
A F 4.80 Ulna 1.852 0.398 1.667 0.307 1.548 0.202 1.484 0.116 1.578 0.043 
MH33 MKH Phascolarctos 
cinereus 
 
A F 4.80 Femur 1.535 0.195 2.016 0.073 2.675 0.261 1.673 0.127 1.580 0.193 
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(kg) 
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Element P SD PM SD M SD MD SD D SD 
MH34 MKH Phascolarctos 
cinereus 
A M 6.90 Humerus 1.378 0.092 1.885 0.280 2.093 0.707 2.250 0.014 2.372 0.120 
MH34 MKH Phascolarctos 
cinereus 
A M 6.90 Radius 2.117 0.189 1.847 0.189 1.987 0.118 1.758 0.243 1.295 0.304 
MH34 MKH Phascolarctos 
cinereus 
A M 6.90 Ulna 1.705 0.299 1.298 0.177 1.312 0.012 1.295 0.181 1.647 0.801 
MH34 MKH Phascolarctos 
cinereus 
A M 6.90 Femur 1.657 0.100 2.157 0.122 2.428 0.392 1.900 0.228 1.560 0.236 
MH34 MKH Phascolarctos 
cinereus 
A M 6.90 Tibia 1.578 0.059 1.958 0.073 2.375 0.007 1.868 0.219 1.810 0.405 
MH35 MKH Phascolarctos 
cinereus 
A M 5.60 Humerus 1.399 0.327 1.757 0.313 2.342 0.224 2.499 0.460 2.177 0.392 
MH35 MKH Phascolarctos 
cinereus 
A M 5.60 Radius 1.293 0.156 1.608 0.304 1.672 0.427 1.842 0.299 1.972 0.087 
MH35 MKH Phascolarctos 
cinereus 
A M 5.60 Ulna 2.020 0.288 2.173 0.137 2.083 0.250 1.762 0.139 1.450 0.057 
MH35 MKH Phascolarctos 
cinereus 
A M 5.60 Femur 1.912 0.147 2.376 0.216 2.780 0.304 2.461 0.295 2.336 0.158 
MH35 MKH Phascolarctos 
cinereus 
A M 5.60 Tibia 2.610 0.268 2.707 0.394 2.780 0.255 2.697 0.203 2.449 0.149 
MH36 MKH Phascolarctos 
cinereus 
A M 3.60 Humerus 1.277 0.165 1.696 0.335 1.877 0.427 1.393 0.120 1.153 0.240 
MH36 MKH Phascolarctos 
cinereus 
A M 3.60 Radius 1.622 0.299 1.721 0.286 1.512 0.173 1.557 0.300 1.208 0.138 
MH36 MKH Phascolarctos 
cinereus 
A M 3.60 Ulna 1.437 0.232 1.383 0.389 1.278 0.067 1.450 0.191 1.298 0.134 
MH36 MKH Phascolarctos 
cinereus 
A M 3.60 Femur 1.296 0.247 1.587 0.217 1.836 0.321 1.201 0.090 1.027 0.030 
MH36 MKH Phascolarctos 
cinereus 
A M 3.60 Tibia 1.345 0.291 1.922 0.224 2.025 0.158 1.893 0.146 1.618 0.094 
MH37 MKH Phascolarctos 
cinereus 
A F 5.60 Humerus 1.355 0.341 1.832 0.606 2.394 0.502 2.069 0.175 1.737 0.123 
MH37 MKH Phascolarctos 
cinereus 
A F 5.60 Radius 1.762 0.177 1.652 0.064 1.470 0.207 1.310 0.453 1.257 0.071 
MH37 MKH Phascolarctos 
cinereus 
A F 5.60 Ulna 1.477 0.113 1.323 0.387 1.417 0.339 1.408 0.186 1.390 0.146 
MH37 MKH Phascolarctos 
cinereus 
A F 5.60 Femur 1.751 0.259 2.187 0.270 2.622 0.408 1.943 0.130 1.657 0.192 
MH37 MKH Phascolarctos 
cinereus 
 
A F 5.60 Tibia 2.128 0.078 2.272 0.271 2.730 0.090 2.310 0.085 1.720 0.141 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH38 MKH Phascolarctos 
cinereus 
A F 6.70 Radius 1.835 0.205 1.773 0.321 1.462 0.351 1.658 0.271 1.633 0.321 
MH38 MKH Phascolarctos 
cinereus 
A F 6.70 Ulna 1.733 0.047 1.605 0.361 1.990 0.028 1.968 0.576 1.283 0.141 
MH38 MKH Phascolarctos 
cinereus 
A F 6.70 Femur 1.987 0.333 1.756 0.193 2.000 0.191 1.747 0.181 1.706 0.123 
MH38 MKH Phascolarctos 
cinereus 
A F 6.70 Tibia 1.717 0.485 1.736 0.346 2.308 0.114 2.337 0.278 1.642 0.227 
MH39 MKH Phascolarctos 
cinereus 
A M 4.80 Humerus 1.582 0.158 1.930 0.226 2.458 0.002 2.655 0.035 2.803 0.363 
MH39 MKH Phascolarctos 
cinereus 
A M 4.80 Radius 2.098 0.054 1.825 0.120 1.777 0.047 1.662 0.120 1.525 0.031 
MH39 MKH Phascolarctos 
cinereus 
A M 4.80 Ulna 1.657 0.250 1.920 0.283 1.470 0.099 1.538 0.092 1.483 0.014 
MH39 MKH Phascolarctos 
cinereus 
A M 4.80 Femur 1.782 0.129 2.188 0.443 2.967 0.050 2.142 0.356 1.968 0.146 
MH39 MKH Phascolarctos 
cinereus 
A M 4.80 Tibia 2.264 0.139 2.717 0.396 2.600 0.186 2.176 0.162 1.872 0.252 
MH40 MKH Phascolarctos 
cinereus 
A F 5.10 Humerus 1.438 0.181 2.005 0.469 2.347 0.580 2.360 0.453 1.908 0.375 
MH40 MKH Phascolarctos 
cinereus 
A F 5.10 Radius 1.717 0.099 1.638 0.144 1.678 0.280 1.505 0.172 1.383 0.203 
MH40 MKH Phascolarctos 
cinereus 
A F 5.10 Ulna 1.482 0.342 1.500 0.141 1.335 0.045 1.372 0.120 1.302 0.177 
MH40 MKH Phascolarctos 
cinereus 
A F 5.10 Femur 1.871 0.277 2.229 0.171 2.563 0.189 1.925 0.192 1.594 0.115 
MH40 MKH Phascolarctos 
cinereus 
A F 5.10 Tibia 1.838 0.323 2.123 0.207 2.295 0.064 1.825 0.002 1.727 0.019 
MH41 MKH Phascolarctos 
cinereus 
S-A F 3.90 Humerus 1.045 0.049 1.015 0.120 0.995 0.134 1.145 0.007 1.155 0.205 
MH41 MKH Phascolarctos 
cinereus 
S-A F 3.90 Radius 0.890 0.127 1.185 0.049 1.140 0.255 1.045 0.361 0.875 0.092 
MH41 MKH Phascolarctos 
cinereus 
S-A F 3.90 Ulna 1.180 0.438 0.965 0.106 0.925 0.148 1.115 0.035 0.960 0.212 
MH41 MKH Phascolarctos 
cinereus 
S-A F 3.90 Femur 1.515 0.064 1.345 0.120 1.355 0.078 1.295 0.021 1.275 0.361 
MH41 MKH Phascolarctos 
cinereus 
S-A F 3.90 Tibia 1.595 0.021 1.770 0.721 1.445 0.332 1.300 0.014 1.255 0.035 
MH42 MKH Phascolarctos 
cinereus 
 
A M 5.80 Humerus 1.480 0.138 1.909 0.482 1.901 0.481 2.133 0.364 1.807 0.120 
184 | P a g e  
 
Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
MH42 MKH Phascolarctos 
cinereus 
A M 5.80 Ulna 1.522 0.031 1.528 0.403 1.310 0.160 1.287 0.278 1.273 0.080 
MH42 MKH Phascolarctos 
cinereus 
A M 5.80 Femur 1.874 0.100 2.288 0.082 2.220 0.080 1.667 0.162 1.742 0.186 
MH42 MKH Phascolarctos 
cinereus 
A M 5.80 Tibia 2.237 0.495 2.288 0.082 2.323 0.262 2.170 0.444 1.714 0.162 
MH43 MKH Phascolarctos 
cinereus 
A F 4.90 Humerus 1.693 0.476 1.870 0.528 1.987 0.306 1.670 0.509 1.155 0.177 
MH43 MKH Phascolarctos 
cinereus 
A F 4.90 Radius 1.620 0.552 1.767 0.372 1.597 0.066 1.322 0.002 1.520 0.052 
MH43 MKH Phascolarctos 
cinereus 
A F 4.90 Ulna 1.260 0.113 1.697 0.245 1.562 0.002 1.517 0.019 1.368 0.054 
MH43 MKH Phascolarctos 
cinereus 
A F 4.90 Femur 1.327 0.119 1.611 0.062 1.633 0.201 1.436 0.273 1.253 0.119 
MH43 MKH Phascolarctos 
cinereus 
A F 4.90 Tibia 1.260 0.071 1.790 0.071 2.285 0.361 1.607 0.165 1.488 0.361 
MH44 MKH Phascolarctos 
cinereus 
J F 0.05 Humerus 1.533 0.008 0.278 0.029 0.392 0.249 0.388 0.012 0.333 0.016 
MH44 MKH Phascolarctos 
cinereus 
J F 0.05 Radius 0.215 0.018 0.227 0.014 0.165 0.039 0.187 0.008 0.188 0.004 
MH44 MKH Phascolarctos 
cinereus 
J F 0.05 Ulna 0.225 0.054 0.230 0.049 0.262 0.072 0.235 0.112 0.133 0.016 
MH44 MKH Phascolarctos 
cinereus 
J F 0.05 Tibia 0.310 0.049 0.307 0.022 0.332 0.029 0.295 0.041 0.297 0.048 
MH45 MKH Phascolarctos 
cinereus 
A F 4.60 Humerus 1.450 0.541 1.730 0.460 1.644 0.354 1.548 0.283 1.479 0.213 
MH45 MKH Phascolarctos 
cinereus 
A F 4.60 Radius 1.397 0.150 1.684 0.075 1.599 0.306 1.247 0.091 1.062 0.075 
MH45 MKH Phascolarctos 
cinereus 
A F 4.60 Ulna 1.417 0.080 1.480 0.061 1.442 0.186 1.250 0.344 0.867 0.024 
MH45 MKH Phascolarctos 
cinereus 
A F 4.60 Femur 1.615 0.095 1.777 0.123 2.245 0.431 1.770 0.133 1.445 0.063 
MH45 MKH Phascolarctos 
cinereus 
A F 4.60 Tibia 2.397 0.471 2.403 0.688 2.397 0.094 1.863 0.467 1.368 0.111 
MH46 MKH Phascolarctos 
cinereus 
A M 6.70 Humerus 1.608 0.417 2.090 0.292 2.323 0.589 1.940 0.151 1.488 0.097 
MH46 MKH Phascolarctos 
cinereus 
A M 6.70 Femur 1.315 0.256 1.490 0.386 1.937 0.355 1.853 0.308 1.483 0.091 
MH46 MKH Phascolarctos 
cinereus 
 
A M 6.70 Tibia 1.460 0.215 1.672 0.388 1.932 0.400 1.632 0.059 1.503 0.229 
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Specimen  
ID 
Source/ 
Location 
Scientific 
Name Age Sex 
Weight 
(kg) 
Skeletal 
Element P SD PM SD M SD MD SD D SD 
JM17220 QM Macropus 
giganteus 
N/A N/A N/A Femur 2.325 0.132 2.503 0.106 2.764 0.392 2.720 0.416 2.488 0.276 
JM17217 QM Macropus 
robustus 
A N/A N/A Femur 2.908 0.832 2.977 0.768 3.450 0.302 3.217 0.042 3.443 0.165 
M23543 DrKC Wallibia 
bicolour 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.605 0.103 
M34335 DrKC Wallibia 
bicolour 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.716 0.071 
M19005 DrKC Macropus 
eugenii 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.924 0.071 
M39728 DrKC Macropus 
eugenii 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.757 0.010 
M40294 DrKC Macropus 
eugenii 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.566 0.004 
M41165 DrKC Macropus 
eugenii 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.510 0.057 
M41259 DrKC Macropus 
eugenii 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.233 0.086 
M01378 DrKC Macropus 
fulginosus 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.946 0.009 
MA02534 DrKC Macropus 
giganteus 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.568 0.443 
JM11525 DrKC Macropus 
giganteus 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.567 0.448 
M37503 DrKC Macropus 
parma 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.256 0.141 
JM08743 DrKC Trichosurus 
vulpecula 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.684 0.006 
JM08850 DrKC Trichosurus 
vulpecula 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.602 0.409 
M35010 DrKC Trichosurus 
vulpecula 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.343 0.219 
S01127 DrKC Trichosurus 
vulpecula 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.266 0.138 
Unknown DrKC Phascolarctos 
cinereus 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.252 0.014 
M05190 DrKC Phascolarctos 
cinereus 
N/A N/A N/A Tibia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.620 0.196 
Key: AZ=Australia Zoo; CWS=Currumbin Wildlife Sanctuary; MKH=Moggill Koala Hospital; DrKC=Dr Kristian Carlson; J=Juvenile; S-A=Sub-Adult; A=Adult; F=Female; M=Male; N/A=Unknown; 
P=Proximal; PM=Proximal-Midshaft; M=Midshaft; MD=Midshaft-Distal; D=Distal; SD=Standard Deviation 
186 | P a g e  
 
Appendix 7: List of Terrestrial Faunas Native to the Moreton Region  
Fauna  Scientific Name Common Name 
Bat Saccolaimus flaviventris 
Mormopterus beccarii 
Mormopterus loriae ridei 
Mormopterus norfolkensis 
Tadarida australis 
Pteropus poliocephalus 
Syconycteris australis 
Pteropus alecto 
Pteropus scapulatus 
Nyctimene robinsoni 
Rhinolophus megaphyllus 
Nyctophilus geoffroyi 
Myotis macropus  
Nyctophilus gouldi 
Miniopterus australis 
Vespadelus pumilus 
Nyctophilus bifax 
Miniopterus schreibersii oceanensis 
Scotorepens greyii 
Chalinolobus morio 
Chalinolobus gouldii 
Chalinolobus nigrogriseus 
Kerivoula papuensis 
 
Yellow-Bellied Sheathail Bat 
Beccari’s Freetail Bat 
Little North-Eastern Freetail Bat 
East-Coast Freetail Bat 
White-Striped Freetail Bat 
Grey-Headed Flying Fox 
Eastern Blossom Bat 
Black Flying Fox 
Little Red-Flying Fox 
Eastern Tube Nosed Bat 
Eastern Horseshoe-Bat 
Lesser Long-Eared Bat 
Large-Footed Myotis 
Gould’s Long-Eared Bat 
Little Bent-Wing Bat 
Eastern Forest Bat 
Northern Long-Eared Bat 
Eastern Bent-Wing Bat 
Little-Broad Nosed Bat 
Chocolate Wattled Bat 
Gould's Wattled Bat 
Hoary Wattled Bat 
Golden-Tipped Bat 
Bettong, Kangaroo, 
Pademelon and 
Wallaby 
Macropus robustus 
Macropus giganteus 
Macropus agilis 
Wallabia bicolor 
Macropus parryi 
Macropus dorsalis 
Thylogale thetis 
Macropus rufogriseus 
Aepyprymnus rufescens 
Common Wallaroo 
Eastern Grey Kangaroo 
Agile Wallaby 
Swamp Wallaby 
Whiptail Wallaby 
Black-Striped Wallaby 
Red-Necked Pademelon 
Red-Necked Wallaby 
Rufous Bettong 
Bandicoot, Dingo, 
Echidna, Koala and 
Platypus 
Canis lupus dingo 
Ornithorhynchus anatinus 
Isoodon macrourus 
Perameles nasuta  
Dingo 
Platypus 
Northern Brown Bandicoot 
Long-Nosed Bandicoot 
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Phascolarctos cinereus 
Tachyglossus aculeatus  
Koala 
Short-Beaked Echidna 
Possum and Glider Acrobates pygmaeus 
Cercartetus nanus 
Petaurus norfolcensis 
Petaurus australis australis 
Petaurus breviceps 
Trichosurus vulpecula 
Trichosurus caninus 
Petauroides volans 
Pseudocheirus peregrinus 
Feathertail Glider 
Eastern Pygmy Possum 
Squirrel Glider 
Yellow-Bellied Glider 
Sugar Glider 
Common Brushtail Possum 
Short-Eared Possum 
Greater Glider 
Common Ringtail Possum 
Planigale, 
Phascogale and 
Quoll 
Dasyurus maculatus maculatus 
Phascogale tapoatafa 
Planigale maculata 
Spotted-Tail Quoll 
Brush-Tailed Phascogale 
Common Planigale 
Antechinus, 
Dunnart and 
Melomys 
Antechinus flavipes 
Antechinus stuartii 
Sminthopsis murina 
Melomys burtoni 
Melomys cervinipes 
Yellow-Footed Antechinus 
Brown Antechinus 
Common Dunnart 
Grassland Melomys 
Fawn-Footed Melomys 
Rodents Pseudomys gracilicaudatus 
Pseudomys novaehollandiae 
Pseudomys oralis 
Rattus fuscipes 
Rattus sordidus 
Rattus lutreolus 
Hydromys chrysogaster 
Rattus tunneyi 
Xeromys myoides 
Eastern-Chestnut Mouse 
New Holland Mouse 
Hastings River Mouse 
Bush Rat 
Cane Field Rat 
Swamp Rat 
Water Rat 
Pale Field Rat 
Water Mouse 
(Queensland Government DERM 2012a; 2012b; 2012c; 2012d; 2012e; 2012f; 2012g; 2012h; 
2012i; 2012j; 2012k) 
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Appendix 8: Skeletal Element Portion Analysis Summary  
Skeletal Element 
Portion 
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed.  
Shapiro-Wilk 
 
Test for data 
normality 
Interval 1:  
W=0.921, p<0.0001 
 
Interval 2: 
W=0.9814, p<0.0001 
 
Interval 3: 
W=0.9184, p<0.0001 
 
Null Hypothesis is 
rejected. 
 
Data are right 
skewed and non-
parametric. 
Further tests 
must not assume 
normality.  
H0 There is no 
correlation between 
Cortical bone 
thickness and distance 
from end 
 
H1 There is a 
correlation between 
cortical bone 
thickness and distance 
from end 
Spearman’s Rho  
 
Test for a 
correlation 
between cortical 
bone thickness 
and Distance from 
end 
Rs=0.1570, p<0.0001 
 
 
 
 
Null hypothesis is 
rejected. 
 
Cortical bone 
thickness 
increases with 
distance from 
bone ends. 
H0 There are no 
significant differences 
in the average cortical 
bone thickness 
measurements 
between different 
distance intervals 
 
H1 There are 
significant differences 
in the average cortical 
bone thickness 
measurements 
between different 
distance intervals 
Kruskal-Wallis  
 
Test for 
differences in 
distribution for 
distance intervals 
Hc(tie corrected)=34.69, 
p<0.0001 
 
 
 
 
Null hypothesis is 
rejected. 
 
There is a 
difference in 
distribution of 
data from 
different distance 
intervals 
H0 There are no 
differences in 
distribution between 
distance intervals 1, 2 
and 3 
 
H1 There is a 
difference in 
distribution between 
distance interval 1 
and distance intervals 
2 and 3 
Mann-Whitney 
Pairwise  
 
Test for location 
of differences 
between distance 
intervals 
Distance 1 vs. Distance 2:  
Distance 1: 
U<0.0001,p<0.0001 
Distance 2: Monte Carlo 
p<0.0001 
Distance 1 vs. Distance 3:  
Distance 1: 
U<0.0001,p<0.0001 
Distance 3: Monte Carlo 
p<0.0001 
Distance 2 vs. Distance 3:  
Distance 2: U<0.0001, 
p=0.2607 
Distance 3: Monte Carlo 
p=0.0869 
Null hypothesis is 
rejected 
 
The proximal-
midshaft to 
midshaft-distal 
measurement 
points are the 
ideal range to 
take 
measurements of 
cortical bone 
thickness.  
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Appendix 9: Skeletal Element Type Analysis Summary  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Element Type Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right skewed.  
Shapiro-Wilk 
 
Test for data 
normality 
Forelimb: 
W=0.9713, p<0.0001 
 
Hindlimb: 
W=0.9404, p<0.0001 
Null Hypothesis is 
rejected. 
 
Data are right skewed 
and non-parametric. 
Further tests must 
not assume normality.  
H0 There is no significant 
difference in the cortical 
bone thickness between 
the forelimb and hindlimb 
 
H1 hindlimb elements have 
significantly thicker 
cortical bone thickness 
than forelimb elements 
Mann-Whitney 
Test for 
differences 
between 
forelimb and 
hindlimb 
Forelimb 
U<0.0001, p<0.0001 
 
Hindlimb 
Monte Carlo p<0.0001 
 
 
Null Hypothesis is 
rejected. 
 
This indicates that the 
hindlimb is overall 
greater in cortical 
bone thickness  than 
the forelimb and that 
the  
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Appendix 10: Forelimb and Hindlimb Element Type Analysis Summary 
Forelimb Elements  Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right skewed.  
Shapiro-Wilk 
 
Test for data 
normality 
Humerus: 
W=0.9586, p<0.0001 
 
Radius: 
W=0.9719, p=0.0060 
 
Ulna: 
W=0.9752, p=0.0102 
Null Hypothesis is 
rejected. 
 
Data are right skewed 
and non-parametric. 
Further tests must 
not assume 
normality.  
H0There is no significant 
difference in the cortical 
bone thickness between 
the Humerus, radius and 
ulna 
 
 H1 There is a significant 
difference in the cortical 
bone thickness between 
the humerus, radius and 
ulna 
Kruskal-Wallis 
 
Test for difference 
in data 
distribution 
between forelimb 
skeletal elements 
Hc(tie 
corrected)=18.36, 
p<0.0001 
 
 
Null Hypothesis is 
rejected. 
 
There is a difference 
in distribution 
between forelimb 
skeletal elements. 
H0 There is no significant 
difference in the cortical 
bone thickness between 
the forelimb and 
hindlimb 
 
H1 hindlimb elements 
have significantly thicker 
cortical bone thickness 
than forelimb elements 
Mann-Whitney 
Pairwise 
 
Test for location of 
differences 
between humerus, 
radius and ulna 
Humerus vs. Radius 
p=0.0030/p=0.0091 
 
Humerus vs. Ulna 
p<0.0001/p=0.0003 
 
Radius vs. Ulna 
p=0.1791/p=0.0597 
 
 
Null Hypothesis is 
rejected. 
 
Humerus is 
significantly greater 
in cortical bone 
thickness in 
comparison to both 
the Radius and Ulna. 
Furthermore, it is 
also discernible that 
there is no difference 
in cortical bone 
thickness between 
the Ulna and Radius. 
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Appendix 10: Forelimb and Hindlimb Element Type Analysis Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hindlimb Elements Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed.  
Shapiro-Wilk 
 
Test for data 
normality 
Femur: 
W=0.9149, p<0.0001 
 
Tibia: 
W=0.9506, p<0.0001 
 
Null Hypothesis is 
rejected. 
 
Data are right skewed 
and non-parametric. 
Further tests must 
not assume normality.  
 H0 There is no 
statistically 
significant 
differences in the 
cortical bone 
thickness between 
the Femur and Tibia 
 
H1 There are 
statistically 
significant difference 
in the cortical bone 
thickness of Femur 
and Tibia, the tibia 
being greater in 
cortical bone 
thickness than the 
femur 
Mann-Whitney  
 
Test for 
differences in 
distribution 
between femur 
and tibia 
Femur: 
U=1.17E04, p=0.0557 
 
Tibia: 
Monte Carlo p=0.0584 
 
 
Null Hypothesis is 
accepted. 
 
There is no 
significantly 
discernible difference 
between femur and 
tibia data 
distributions. 
The result suggests 
that perhaps proximal 
and distal limb 
elements of the 
hindlimb can both be 
used to determine a 
relationship between 
cortical bone 
thickness and body 
weight.  
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Appendix 11: Locomotive Mechanism Analysis Summary  
Biped Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right/left 
skewed.  
Shapiro-Wilk 
 
Test for biped 
forelimb and 
hindlimb data 
normality 
Biped Forelimb: 
W= 0.8927, p=0.0034 
 
Biped Hindlimb: 
W=0.8926, p=0.0000 
 
Null hypothesis is 
rejected.  
 
Forelimb data are right 
skewed, while hindlimb 
data are left skewed 
and non-parametric 
H0 There is no 
statistically significant 
difference in cortical 
bone thickness between 
the forelimb and 
hindlimb of quadrupedal 
species 
 
H1 There cortical bone 
thickness of the hindlimb 
is significantly greater 
than that of the forelimb 
Mann-Whitney  
 
Test for 
differences in 
distribution 
between biped 
forelimb and 
hindlimb 
Biped Forelimb: 
U=406, p<0.0001 
 
Biped Hindlimb: 
Monte Carlo 
p<0.0001 
 
 
Null hypothesis is 
rejected. 
 
The skeletal 
morphology of biped 
species alters the 
distribution of weight 
so that hindlimbs have 
a greater cortical bone 
thickness than the 
forelimbs.  
Quadruped Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are left skewed. 
Shapiro-Wilk 
 
Test for 
quadruped 
forelimb and 
hindlimb data 
normality 
Quadruped 
Forelimb: 
W=0.9953, p=0.3644 
 
Quadruped 
Hindlimb: 
W=0.9872, p=0.0168 
 
 
Null hypothesis is 
rejected for hindlimb, 
but accepted for 
forelimb. 
 
The forelimb data are 
normally distributed 
while hindlimb data are 
left skewed.  Non-
parametric tests 
required for further 
analysis. 
H0 There is no significant 
difference in cortical 
bone thickness between 
the forelimb and 
hindlimb of quadrupedal 
species 
 
H1 There is no significant 
difference in cortical 
bone thickness between 
the forelimb and 
hindlimb of quadrupedal 
species 
Mann-Whitney  
 
Test for 
differences in 
distribution 
between 
quadruped 
forelimb and 
hindlimb 
Quadruped 
Forelimb: 
U=3.102E04, 
p<0.0001 
 
Quadruped 
Hindlimb: 
Monte Carlo p=0.0001 
 
 
Null Hypothesis is 
rejected. 
 
The quadruped 
hindlimb has a greater 
cortical bone thickness 
distribution compared 
to the forelimb.  This 
indicates that even 
though weight 
distribution is spread 
over four limbs, the 
hindlimb remains 
significantly greater in 
cortical bone thickness 
than the forelimb.  
 
 
 
193 | P a g e  
 
Appendix 11: Locomotive Mechanism Analysis Summary continu ed…  
Biped vs. Quadruped Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk 
 
Test for 
quadruped and 
biped forelimb 
data normality 
Biped Forelimb: 
W= 0.8927, p=0.0034 
 
Quadruped 
Forelimb: 
W=0.9953, p=0.3644 
 
Null hypothesis is 
rejected for biped 
forelimb, but accepted 
for quadruped 
forelimb. 
Quadruped data are 
normally distributed 
while Biped data are 
right skewed, non-
parametric methods 
will be required for 
further testing.  
H0 Data are normally 
distributed 
 
H1 Data are left 
skewed. 
Shapiro-Wilk 
 
Test for 
quadruped and 
biped hindlimb 
data normality 
Biped Hindlimb: 
W=0.8926, p=0.0000 
 
Quadruped 
Hindlimb: 
W=0.9872, p=0.0168 
Null hypothesis is 
rejected. 
 
Both the biped and 
quadruped hindlimb 
data groups are left 
skewed and non-
parametric. 
H0 There are no 
significant differences 
in forelimb cortical 
bone thickness 
between quadrupedal 
and bipedal species 
 
H1 The biped hindlimb 
is significantly greater 
in cortical bone 
thickness than the 
quadruped forelimb 
Mann-Whitney  
 
Test for 
differences in 
distribution 
between the 
quadruped and 
biped forelimb. 
Biped Forelimb: 
U=5314, p=0.3521 
 
Quadruped 
Forelimb: 
Monte Carlo p=0.3472 
 
 
Null hypothesis is 
accepted.  
 
There is no significant 
difference in 
distribution between 
biped and quadruped 
forelimbs.  Lack of 
differentiation may 
cause inflation of lower 
classes.  
H0 There are no 
significant differences 
in hindlimb cortical 
bone thickness 
between quadrupedal 
and bipedal species 
 
H1 There biped 
hindlimb is 
significantly greater in 
cortical bone 
thickness than the 
quadrupedal forelimb 
Mann-Whitney  
 
Test for 
differences in 
distribution 
between the 
quadruped and 
biped hindlimb. 
Biped Hindlimb: 
Monte Carlo p<0.0001 
Quadruped 
Hindlimb: 
U=3413, 
p(same)=2.667E-17 
 
 
Null hypothesis is 
rejected. 
 
There is a difference in 
distribution between 
quadruped and biped 
hindlimbs. Difference 
likely a combination of 
weight differences and  
the bone loading 
associated with 
hopping (Hume et al 
1989; Grand 1990).  
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Appendix 12: Body Size Analysis Summary  
Complete Reference 
Collection  
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test cortical bone 
thickness and live 
body weight data for 
normality 
Cortical Bone 
Thickness: 
W=0.9152, p<0.0001 
 
Live Body Weight: 
W=0.4761, p<0.0001 
 
 
Null hypothesis is 
rejected. 
 
Both cortical bone 
thickness and live body 
weight data are right 
skewed and non-
parametric. 
H0 There is no 
significant 
relationship between 
cortical bone 
thickness and live 
body weight 
 
H1 There is a 
significant and 
positively correlated 
relationship between 
cortical bone 
thickness and live 
body weight 
Spearman’s Rho 
 
Test for the 
significance between 
cortical bone 
thickness and live 
body weight for the 
Australian modern 
reference collection 
Rs=0.7061, p<0.0001 
 
 
Null hypothesis is 
rejected, 
 
There is a significant and 
strongly positive 
correlation between 
cortical bone thickness 
and body size for the 
modern Australian faunal 
assemblage 
Forelimb Skeletal 
Elements 
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro Wilk  
 
Test for forelimb 
element cortical 
bone thickness data 
normality. 
Cortical Bone 
Thickness: 
Humerus: 
W=0.9593, p=0.0005 
Radius: 
W=0.9702, p=0.0069 
Ulna: 
W=0.9747, p=0.0145 
Null hypothesis is 
rejected. 
 
Humerus, Radius and 
Ulna are all right skewed 
and non-parametric.  
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro Wilk  
 
Test for forelimb 
element live body 
weight data 
normality. 
Live Body Weight: 
Humerus: 
W=0.3745, p<0.0001 
Radius: 
W=0.3734, p<0.0001 
Ulna: 
W=0.3745, p<0.0001 
Null hypothesis is 
rejected.  
 
Humerus, Radius and 
Ulna are all right skewed 
and non-parametric. 
H0 There is no 
correlation between 
cortical bone 
thickness of forelimb 
elements and live 
body weight 
 
H1 There is a 
correlation between 
cortical bone 
thickness of forelimb 
skeletal elements and 
live body weight 
 
 
Spearman’s Rho 
 
Test for a correlation 
between forelimb 
element cortical 
bone thickness and 
live body weight.  
Humerus: 
Rs=0.8034, p<0.0001 
Radius: 
Rs=0.8205, p<0.0001 
Ulna: 
Rs=0.7171, p<0.0001 
 
 
 
Null hypothesis is 
rejected. 
 
The cortical bone 
thickness of the humerus, 
radius and ulna increases 
with body size. 
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Hindlimb Skeletal 
Elements 
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
 
 
 
Shapiro-Wilk  
 
Test hindlimb element 
cortical bone 
thickness data for 
normality 
Cortical Bone Thickness: 
Femur: 
W=0.8857, p<0.0001 
Tibia: 
W=0.9526, p<0.0001 
 
Null hypothesis is rejected. 
 
Femur and Tibia cortical 
bone thickness data are 
right skewed and non-
parametric.  
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test for hindlimb 
element live body 
weight data normality. 
 
Live Body Weight: 
Femur: 
W=0.4712, p<0.0001 
Tibia: 
W=0.6031, p<0.0001 
 
Null hypothesis is rejected. 
 
Femur and Tibia live body 
weight data are right 
skewed and non-
parametric. 
H0 There is no 
correlation between 
cortical bone thickness 
of hindlimb elements 
and live body weight 
 
H1 There is a 
correlation between 
cortical bone thickness 
of hindlimb skeletal 
elements and live body 
weight 
Spearman’s Rho 
 
Test for a correlation 
between hindlimb 
element cortical bone 
thickness and live 
body weight. 
Femur: 
Rs=0.7377, p<0.0001 
 
Tibia: 
Rs=0.8117, p<0.0001 
 
 
Null hypothesis is rejected. 
 
The cortical bone 
thickness of the femur and 
tibia increases with body 
size. 
Biped Locomotors Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right/left 
skewed. 
Shapiro-Wilk  
 
Test biped forelimb 
and hindlimb cortical 
bone thickness data 
for normality 
Biped Forelimb: 
W=0.8927, p=0.0034 
Biped Hindlimb: 
W=0.8926, p<0.0001 
Null hypothesis is rejected. 
 
Biped Forelimb cortical 
bone thickness is right 
skewed, while biped 
hindlimb cortical bone 
thickness is left skewed. 
Non-parametric methods 
required. 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test biped forelimb 
and hindlimb live 
body weight data for 
normality 
Biped Forelimb: 
W=0.769, p<0.0001 
Biped Hindlimb: 
W=0.8806, p<0.0001 
Null hypothesis is rejected. 
 
Biped forelimb and 
hindlimb live body weight 
are both right skewed. 
Non-parametric methods 
required. 
H0 There is no 
significant relationship 
between cortical bone 
thickness and live body 
weight in the 
forelimb/hindlimb of 
Bipeds 
 
H1 There is a significant 
and positively 
correlated relationship 
between cortical bone 
thickness and live body 
weight for the Biped 
forelimb and hindlimb 
 
 
Spearman’s Rho 
 
Test for a correlation 
between cortical bone 
thickness and live 
body weight for the 
biped forelimb and 
hindlimb. 
Biped Forelimb: 
Rs=0.8476, p<0.0001 
Biped Hindlimb: 
Rs=0.8528, p<0.0001 
Null hypothesis is rejected. 
 
There is a positive 
correlation between 
cortical bone thickness of 
the biped forelimb and 
hindlimb with live body 
weight. Where body 
weight increases, there is a 
corresponding increase in 
cortical bone thickness. 
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Quadruped 
Locomotors 
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are left skewed. 
Shapiro-Wilk  
 
Test quadruped 
forelimb and hindlimb 
cortical bone 
thickness data for 
normality 
Cortical Bone Thickness: 
Quadruped Forelimb: 
W=0.9953, p=0.3644 
Quadruped Hindlimb: 
W=0.9872, p=0.0168 
 
Null hypothesis accepted 
for forelimb, and rejected 
for the hindlimb. 
 
The cortical bone 
thickness of the quadruped 
forelimb is normally and  
live body weight data for 
the forelimb is left skewed 
Non-parametric tests 
required. 
H0 Data are normally 
distributed 
 
H1 Data are left are 
skewed. 
Shapiro-Wilk  
 
Test quadruped 
forelimb and hindlimb 
live body weight data 
for normality 
Live Body Weight: 
Quadruped Forelimb: 
W=0.9399, p<0.001 
Quadruped Hindlimb: 
W=0.9368, p<0.0001 
 
 
Null hypothesis is rejected. 
 
Both cortical bone 
thickness and live body 
weight data are left 
skewed and non-
parametric.  
H0 There is no 
significant relationship 
between cortical bone 
thickness and live body 
weight in the 
forelimb/hindlimb of 
Quadrupeds 
 
H1 There is a significant 
and positively 
correlated relationship 
between cortical bone 
thickness and live body 
weight for the 
quadruped forelimb 
and hindlimb 
Spearman’s Rho 
 
Test for a correlation 
between cortical bone 
thickness and live 
body weight for the 
quadruped forelimb 
and hindlimb. 
Quadruped Forelimb: 
Rs=0.7247, p<0.0001 
 
Quadruped Hindlimb: 
Rs=0.5952, p<0.0001 
 
 
There is a positive 
correlation between 
cortical bone thickness of 
the quadruped forelimb 
and hindlimb with live 
body weight. Where body 
weight increases, there is a 
corresponding increase in 
cortical bone thickness. 
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Appendix 13: Intra-species Analysis Summary  
 
 
 
 
 
 
 
 
 
 
Ontogeny Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are left/right 
skewed. 
Shapiro-Wilk  
 
Test juvenile, sub-adult 
and adult data for 
normality 
Juvenile: 
W=0.8723, p0.0033 
 
Sub-Adult: 
W=0.9506, p=0.1759 
 
Adult: 
W=0.9506, p=0.0001 
 
 
Null hypothesis rejected for 
juvenile and adult while 
accepted for sub-adult.  
 
Juvenile Data are left 
skewed, adult data are 
right skewed and sub-adult 
data are normally 
distributed.  
H0 There are no 
significant differences 
in cortical bone 
thickness between 
Juvenile, Sub-Adult 
and Adult data groups 
 
H1 There are 
significantly 
differences in cortical 
bone thickness 
between Juvenile, 
Sub-Adult and Adult 
data groups 
Mann-Whitney 
Pairwise 
 
 
Test for differences in 
data between juvenile, 
sub-adult and adult 
datasets. 
Juvenile vs. Sub-
Adult: 
p<0.0001/p<0.001 
 
Sub-Adult vs. Adult 
p<0.0001/p<0.0001 
 
Adult vs. Juvenile 
p<0.0001/p<0.0001 
 
 
Null hypothesis is rejected. 
 
Cortical bone thickness 
distribution is significantly 
different between 
ontogenetic groups.  
H0 There is no 
correlation between 
cortical bone 
thickness and 
ontogenetic age. 
 
H1 There is a positive 
correlation between 
cortical bone 
thickness and 
ontogenetic age 
Spearman’s Rho 
 
Test for a correlation 
between ontogenetic 
age and cortical bone 
thickness. 
Rs=0.48416, p<0.0001 
 
Null hypothesis is 
rejected. 
Positive correlation 
between ontogenetic age 
and cortical bone thickness 
confirms that cortical bone 
thickness increases with 
age.  
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Appendix 13: Intra-species Analysis Summary cont…  
Sexual 
Dimorphism 
Test Result Implications 
Hypothesis 
H0 Data are 
normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test female and 
male data for 
normality 
Female: 
W=0.9757, p=0.0005 
 
Male: 
W=0.989, p=0.1262 
 
Null hypothesis rejected for 
female data, but accepted for 
male data. 
 
Male data is normally 
distributed while female data 
are right skewed.  
H0  There is no 
statistically 
significant 
differences in 
cortical bone 
thickness between 
male and female 
specimens 
 
H1 Male specimens 
exhibit a 
statistically 
significant 
difference in 
cortical bone 
thickness 
compared to 
female specimens 
Mann-Whitney 
 
Test for differences 
in distribution 
between female 
and male data 
groups. 
Male: 
U=<0.001, p=0.0002 
 
Female: 
 Monte Carlo p<0.0001 
Null hypothesis is rejected. 
 
Sexual dimorphism is reflected 
in cortical bone thickness; with 
males have a thicker cortical 
bone than females. It is difficult 
to say whether this trend will 
follow for other Australian 
faunal species, and given the 
constraints of sample size this 
study will be unable to 
demonstrate the extent of sexual 
dimorphism for other species 
with a great degree of 
confidence.  
 
 
 
 
Provenience Test Results Implications 
Hypothesis 
H0 Data are 
normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test body Score 
groups for 
normality 
Inland: 
W=0.9817, p=0.0019 
Coastal: 
W=0.9798, p0.02879 
 
Null hypothesis is rejected 
 
Inland and Coastal are right 
skewed and non-parametric. 
H0 There are no 
significant 
differences in 
cortical bone 
thickness between 
inland and coastal 
region groups 
 
H1 There are 
significant 
differences in 
cortical bone 
thickness between 
inland and coastal 
region groups 
Mann-Whitney  
 
Test for 
determining 
difference in 
distribution 
between inland and 
coastal region 
datasets 
Inland: 
U=<0.0001, p=0.0004 
 
Coastal: 
Monte Carlo p=0.0003 
Null hypothesis is rejected. 
 
There is a difference between 
cortical bone thickness between 
inland and coastal data groups. 
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Appendix 13: Intra-species Analysis Summary cont…  
 
 
 
 
 
 
 
Health, Disease 
and Nutrition 
Test Result Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right 
skewed. 
Shapiro-Wilk  
 
Test body Score 
groups for 
normality 
Body Score 1: 
W=0.9825, p=0.3097 
Body Score 2: 
W=0.9713, p=0.3214 
Body Score 3: 
W=0.9745, p=0.4173 
Body Score 4: 
W=0.9204, p=0.0003 
Body Score 5: 
W=0.9612, p=0.7129 
Body Score 6: 
W=0.9723, p=0.3504 
Body Score 7: 
W=0.9533, p=0.0676 
Body Score 8: 
W=0.9614, p=0.3371 
Body Score 9: 
W=0.9172, p=0.1749 
Body Score 10: 
W=0.9593, p=0.6809 
Null hypothesis accepted 
for all groups but Body 
Score 4. 
 
All body score groups are 
normally distributed, 
excluding body score 
group four which is right 
skewed. 
H0 There are no 
statistically 
significant 
differences in 
cortical bone 
thickness 
measurements 
between different 
body score groups 
 
H1 There are 
statistically 
significant 
differences in the 
cortical bone 
thickness 
measurements 
between different 
body score groups 
 
Kruskal-Wallis 
 
Test for difference 
in data between 
body score groups. 
Hc(tie corrected)=11.32, 
p=0.2544 
 
 
Null hypothesis is 
accepted. 
 
There were no significant 
differences detected 
between body score 
groups. This alludes to a 
possibility that diseases 
specific to P. cinereus do 
not influence cortical bone 
thickness. These diseases 
are limited to changing the 
physiology of soft tissue. 
This study does not rule 
out other nutritional 
deficiencies affecting bone 
from other Australian 
faunas.  
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Appendix 14: Body Size Classes Analysis Summary  
 
 
 
 
 
 
 
Body Size 
Classes 
Test Results Implications 
Hypothesis 
H0 Data are 
normally 
distributed 
 
H1 Data are 
right /left 
skewed. 
Shapiro-Wilk  
 
Test body Score 
groups for 
normality 
Class 1 
CBT: W=0.8244, P<0.0001 
LBW: W=0.8345, P<0.001 
Class 2  
CBT: W=0.9789,  p=0.0086 
LBW: W=0.8567, p<0.0001 
Class 3 
CBT: W=0.9837, p=0.0003 
LBW: W=0.9227, p<0.0001 
Class 4  
CBT: W=0.9657, p=0.4939 
LBW: W=0.6262, p<0.0001 
Class 5  
CBT: W=0.9538, p=0.1377 
LBW: W=0.6702, p<0.0001 
Class 6  
CBT: W=0.9314, p=0.07469 
LBW: W=0.6884, p<0.0001 
Null hypothesis is rejected 
for all data groups 
excluding Class 4, 5 and 6 
cortical bone thickness  
 
Cortical bone thickness for 
class 4, 5 and 6 are all 
normally distributed. All 
other data groups are 
non-normally distributed. 
Class 2 and Class 6 live 
body weight are left 
skewed, while all 
remaining data are right 
skewed. Non-parametric 
tests required.  
H0 There are no 
significant 
differences in the 
cortical bone 
thickness 
distribution 
between the six 
proposed body 
size classes 
 
H1  There are 
statistically 
significant 
differences in the 
cortical bone 
thickness median 
distribution 
between the six 
proposed body 
size classes 
Mann-Whitney 
Determine 
differences between 
preceding and 
succeeding classes.  
Class 1 vs. Class 2: 
Class 1:  U=3213, p<0.0001 
Class 2: Monte Carlo p<0.0001 
 
Class 2 vs. Class 3: 
Class 2: U=<0.001, p<0.0001 
Class 3 Monte Carlo p<0.0001 
 
Class 3 vs. Class 4: 
Class 3: U=1509, p<0.0001 
Class 4: Monte Carlo p<0.0001 
 
Class 4 vs. Class 5: 
Class 4: U=261, p=0.0018 
Class 5: Monte Carlo p=0.0016 
 
Class 5 vs. Class 6: 
Class 5: U=304, p=0.01171 
Class 6: Monte Carlo p=0.0129 
Null hypothesis rejected. 
 
Tests confirm that there is 
a statistically significant 
difference in median 
distribution between each 
of the proposed body size 
classes for Australian 
faunas. 
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Appendix 15: Bushrangers Cave Analysis Summary  
Bushrangers Cave Test Results Implications 
Hypothesis 
H0 Data are normally 
distributed 
 
H1 Data are right /left 
skewed. 
Shapiro-Wilk 
Test H91 for 
normality 
H91: W=0.985, p=0.7197 
Early: W=0.9875, p=0.9538 
Late: W=0.9475, p=0.3313 
Null hypothesis accepted. 
H91 Data are normally 
distributed.  
H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H91 Qualitative 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H91 
H91 Early vs. Late: 
Chi^=2.3166, p=0.128 
Null hypothesis is 
accepted. 
No differences detected 
between early and late 
phases of H91. 
H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H91Quantified 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H91 
H91 Early vs. Late:                                                  
Chi^2: 0.0522, p=0.9742 
Null hypothesis is 
accepted. 
No differences detected 
between early and late 
phases of H91. 
H0 Data are normally 
distributed 
 
H1 Data are right /left 
skewed. 
Shapiro-Wilk 
Test H92 for 
normality 
H92: W=0.992, p=0.777 
Early: W=0.9802, p=0.351 
Late: W=0.9729, p=0.4277 
Null hypothesis accepted. 
H92 Data are normally 
distributed. 
H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H92 Qualitative 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H92 
H92 Early vs. Late: 
Chi^2=0.2878, p=0.8659 
Null hypothesis is 
accepted. 
No differences detected 
between early and late 
phases of H92. 
H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H92Quantified 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H92 
H92 Early vs. Late:                                                  
Chi^2: 1.9826, p=0.5760 
Null hypothesis is 
accepted. 
No differences detected 
between early and late 
phases of H92. 
H0 Data are normally 
distributed 
 
H1 Data are right /left 
skewed. 
Shapiro-Wilk 
Test H94 for 
normality 
H94: W=0.9545, p=0.0001 
Early: W=0.9764, p=0.7573 
Middle: W=0.9851, p=0.7481 
Late: W=0.9202, p=0.0005 
Null hypothesis rejected 
for H94 as a whole and for 
the Late phase. Null 
hypothesis is accepted for 
early and middle phases. 
 
H94 Data and the late 
phase are right skewed 
while early and middle 
phases are normally 
distributed. 
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H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H94 Qualitative 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H92 
H94 Early vs. Middle 
Chi^2= 1.9931, p= 0.1580 
H94 Middle vs. Late 
Chi^2=4.6534, p=0.097617 
H94 Early vs. Late 
Chi^2=3.2678, p=0.1952 
Null hypothesis is 
accepted. 
No differences detected 
between early and late 
phases of H94. 
H0 Data are from the same 
population 
 
H1 Data are from different 
populations 
H94 Quantified 
Data Chi-Squared 
Test 
 
Test for 
differences 
between early and 
late phases of H92 
H94 Early vs. Middle: 
Chi^2= 11.354, p=0.009 
H94 Middle vs. Late 
Chi^2= 10.354, p=0.015783 
H94 Early vs. Late 
Chi^2= 1.6736, p=0.6428 
Null hypothesis is 
accepted for early and 
late phases, but rejected 
for middle phase. 
Early and Late phases are 
not significantly different, 
but both are different 
from middle phase.  
